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PREFACE 

This book presents simple, explicit and easy for learning at the begining level for the 
subject on Electrical Engineering. Considerable emphasis is laid on the fundamentals 
physical concepts, principles and functions of various elements. 

The Government of Tamilnadu is deciding to revamp Vocational Education in Higher 
Secondary Student to make them easy to understand higher studies in engineering faculty. 

The students at school final level and the beginers on this subject can easily able to 
understand the Principles and Concepts. Much care is taken to explain all the details with 
neat diagram and sketches. All the topics of this book is self illustrative. The students at the 
begining level will learn this book with much interest themselves, because such care is 
taken while preparation of this book. 

I personally thank all for giving me this best opportunity to bring out a best book for 
benefit of the Vocational Students at school final level. All the readers of this book will 
enrich knowledge on basic Electrical Engineering, which makes us feel proud and happy. 



Thiru. K. Govindasamy 

Chairperson 
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1. ELECTRICAL ENGINEERING 

1.1. INTRODUCTION 

The subjects is introduced in Higher Secondary level. In this subject students are taught how to 
maintain and repair electrical appliances and electrical machine how to connect electrical circuits and 
repairing minor or maj or faults in the circuits and motor rewinding both theoretically and practical ly. So 
by learning this subjects students are able to earn of their own by practicing such learning. 

We know, the universe consists of five big natural energy sources like water, land, Air, fire & 
space. The Sixth important energy developed by human is called "Electricity". In this modern world, for 
our day to day life the electricity plays a vital role. Simply to say, even man lives without food but not 
lives without Electricity. Because in our life, the electrical goods play an important role. Hence the 
students must know about this source and how it is applied. 

Electricity is one type of energy. All matter whether solid, liquid or, gaseous consists of minute 
particles known as Atoms. According to modem Research electric current means flow of electron. So 
we need to know about the Atom. 

1.2. ATOM 

It has a hard central core known as nucleus. It contains two type of particles one is known as 
proton and carries positive charge. The other is neutron, which is electrically neutral, i.e. it carries no 
charge. Around the nucleus in elliptical orbit the electrons one revolving. Electrons cany the negative 
charge. The number of electron are number of protons in a atom are equal. So the atom is electrically 
neutral. The number of protons in the nucleus of atom gives the atomic number. The total numbers of 
neutron and proton are known as atomic weight. Because negligible weight of the electron is not taken 
to calculate atomic weight. 

1.3. METHODS OF ELECTRICITY PRODUCTS 

An electricity is produced by the extraction of electrons from an atom. The energies which are 
used to produce an electricity are (i) Friction (ii) Tight (iii) Heat (iv) Pressure (v) Chemical Action (vi) 
magnetism. 

1.3.1. Electricity due to friction 

Due to the friction of two materia) , the electrons come out from one material to join with the other 
material. The material which looses the electron gets +ve charge and the material attracted the electron 
gets -ve charge. This type of electricity is called Static Electricity. 

Ex. Materials like Glass, Rubber, Wax, Silk, Reyon, Nylon. 

1.3.2 Electricity due to light 

When the light falls on the material, the electrons emitted from the surface and producing the flow 
of current. Forthis purpose Photocell is used. Photo cell is used to convert the light energy into current. 
The materials which emitted electron due to the light fall on the surface are "photo sensitive metal." 

Ex. Sodium, Potassium, Lithium, Cesium. 



1.3.3 Electricity due to Pressure 

Electrons in the outermost orbit of an atom is extracted due to the pressure applied to an atom and 
the electricity is produced. This is called "Piezo Electricity". In a telephone, diapharam is pressured by 
the sound waves. Because of this, Electric Waves are produced depending upon the pressure of sound 
waves. 

1.3.4 Electricity due to Heat 

The ends of two metal rods are joined together and this joined part is heating. Due to this the part 
opposite to the heated place is connected by a Galvanometer and the Electricity is known as the 
deflection of the pointer. 

In the same way, two metal plates are joined together and is heating, for the purpose of producing 
electricity. This type is called "Thermo Coupling Method." 

For the above four methods, sufficient electricity is not produced and the energy of electricity is 
also less. Because, the other two methods are used to produce the sufficient electricity with high energy. 

1.3.5.Electricity due to chemical action 

By using the method of chemical action, electrons are extracted from an atom and producing 
electricity. This method is used for producing electricity in primary and secondary cells. 

Primary cell is used in torch light and the secondary cell is used in cars, motorcycles etc. 

1.3.6. Electricity due to Magnetism 

In this method Electrons are extracted from an atom due to magnetism. For this purpose generators 
are used. In generator the energized electricity is produced by the magnetic poles and armature winding. 

In our country the requirement of electricity is produced in all the above methods. 

hi this we have to study about all the power generating stations in Tamilnadu and how the electricity 
is produced. 

1.4. POWER GENERATING PLANTS 

Today, there are seven power generating stations are available in our country. By this, 
approximately 7000 MW current is produced in our country 

Types of Power Generating Plants 

1 . Hydro Electric Power Plant 

2 . Thermal Power Plant 

3 . Atomic Power Plant 

4. Gas Power Plant 

5 . Diesel Power Plant 

6. Solar Power Plant 

7 . Wind-Mill Power Plant 



1.4.1. Hydro Electric Power Plant 

From the water reservoir, the water is taken through the jaint tubes to the water turbine. For the 
rotation of turbine, the kinetic energy of water is converted into mechanical energy and is converted into 
electrical energy by the using of generators. 

This type of plant is placed in TamilNadu at Mettur, Kunda, Bicara, Suruliyaru & Kadamparai. 

1.4.2. Thermal Power Plant 

Chemical energy is converted into heat energy by burning of coal or lignite in boiler plant. Water in 
the boiler is converted into steam by heat energy. This steam is flowing through the steam turbine which 
is connected to the generator and this energy is converted into mechanical energy by the rotation of 
turbine. The mechanical energy is again converted into electrical energy by the use of generator. 

This type of plant is placed in TamilNadu at Ennore. (Chennai), Neyvelli, Tuticorin and Mettur. 

Thermal Power Plants play a major role for the requirements of electricity in Tamilnadu 

1.4.3. Atomic Power Plant 

By the diffusion of an atom of Uranium or Thorium, to getting more heat. Based on tins principle 
the atomic power plant is working. The heat energy is produced and is used to rotate the steam turbine 
and this energy is converted into mechanical energy. The generator converts the mechanical energy into 
electrical energy. 

This plant is placed in Kalpakkam near Chennai and Tharapur in Rajastan State. Leakage of gas 
by this plant may cause pollution and affect the health of the people. 

1 .4.4. Gas Power Plant 

For the rotation of turbine, the underground gas is used. The generator which is connected to the 
turbine produces the electricity. This plant is placed in Ramanathapuram and Kuthalam. 

1.4.5 Diesel Power Plant 

This type of plant is used for the place where the continuous requirements of electricity is needed. 
i.e. in big factories and refrigeration works. The electricity is produced by the generator which is 
connected to the big diesel engine. 

Depending upon the requirements, different capacities of small or large diesel generators are used 
in hotels, hospitals, Jewelleryshops, cinema theatres, shipyards etc. 

1.4.6 Solar Power Plant 

For the purpose of minimum production of electricity, this type of plant is placed on the roof of the 
buildings. In this plant, the electricity is produced by using sun-rays. This is used in houses, hotels, 
hospitals, traffic signal lights etc. 

1.4.7 Wind-Mill Power Plant 

The Wind-Mill is rotated by heavy speed of wind. The electricity is produced by the generator 
which is operated by the wind-mill. This plant is placed at Kayathar in Nellai District and placed at 
Palladam-Udumalai Pettai Road in Coimbatore District. 
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1 .5. ELECTRICAL SAFETY AND PRECAUTIONS 

A man who works in the electrical department must be carefully handled the work without any 
damage to the equipments and also workers. Because accident may occur heavy loss. He must know 
all the operations of electrical equipments. Otherwise wrongly handled the equipments will cause heavy 
loss. Electrical accident may occur only due to carelessness. Due to this, workers will get injured, 
damaged equipments will cause loss, because the work was stopped. To avoid this, electrical workers 
must follow the rules and regulations when working. 

1.5.1. Electrical Precautions 

• Before he use the equipments, he must know the operation of that equipments. Electrical 
connections are made properly according to the definition. 

• Only the trained and efficient person is allowed to operate, testing and repairing the machine. 

• A person works in the electric post and tower post must wear the safety belt and glouse . 

• If the situation is occur, the man who works on the ladder, the other persons helps to capture 
the ladder for safety. If it is essential, then the post and the ladder must be tied with a rope for 
safety purpose. 

• After earthing the overhead lines by discharge rod, then the work will continue. 

• Check the condition of all the hand tools, supply wires operated in current and also to check 
the earth wire is in good condition. 

• To remove the plug point pin from the socket by the proper way cannot pul ling the wire. 

« After the main switch is off, fuse wire must be changed. Depending upon the load, sufficient 
ampere fuse wire is provided. 

• All the hand tools used in electrical works must be insulated. 

• During made up of wiring, switch is always connected in phase line. 

• If any fault occur in the electrical equipment in the houses, it will be checked and repaired 
after the equipment is totally disconnected from the supply. 

• Ex. Fan, Grinder, Mixie etc. 

• Safety equipments existing in the electrical circuit is not removed due to any reasons. 

• If fire occurs in the electrical circuit, immediately the main switch is turned to off position. For 
extinguishing the fire any one of the following i.e. carbon-di-oxide extinguisher, dry power 
extinguisher can be used. Soda acid extinguisher is not used at any cost. Water is not used to 
extinguish the fire because it conducts electricity and cause severe accident. 

• If any person getting electric shock because of touch the electric wire, immediately the supply 
is disconnected. The person is removed from the wire by the use of dry stick, dry wooden 
plank and dry cloth etc. 



• When the battery is charging in a room, the room must be in a condition to get free air. To 
avoid dangerous situation, no fire is available near the battery. 

• For producing electrolyte, water is not added to acid. Hydrochloric acid is added in the 
water by drop by drop. 

• Swetting hand is not used to switch ON or work on the electric supply. If the person has 
swetting on the hand continuously, he must wear the glouse. 

• The switch is in OFF position. Before to turn ON the switch to check if anybody is working 
in that electrical circuit. 

The above points are used for electrical workers and they can be work without any damage. 

1.5.2. Electrical Shock 

Human body has a electrical conducting property. Without swetting of human body the resistance 
is approximately 80000Q(Ohms) and during swetting resistance of the human body is approximately 
1 OOOQ(Ohms). If we touch the current carrying conductor, the current is conducted through our body 
to earth. So the electrical circuit is closed and we get electric shock due to this, nervous structure, heart, 
lungs and brain are affected. If the current is heavy, death may occur. Therefore we must know, even 
though the current is essential,if it is used wrongly, it will cause heavy loss. i.e. death and economical 
loss. 

To prevent this electrical shock, we know about the methods of preventive cares and protective 
methods for safety precautions. 

1.5.3. Preventive method to avoid electric shock 

• The Operation of electrical equipments must be known. 

Damaged wire is not used for wiring works or electrical connection. 

The Electrical Instruments used for connections (i.e. switch,plug,pushings) is not having any 
scratch or breakable, If it is in such a way that it must be replaced by new one. 

Requirement hand Tools are used in proper way 

The hand tools are insulated essentially. 

Proper earthing is provided. 

If the supply is taken from the socket, only the plug top is used. To avoid, the supply is taken 
by inserting the wire with stick in the socket. 

Depending upon the load, rated ampere fuse wire is used. 

The electrical equipment is repaired after the main switch is off. 

For any reason do not operate by overcoming the safety rules. 

The electrical shock may be avoided for following the above methods in a proper way. 
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1.5.4. First Aid 

Due to unavoidable reason, a man affects from sudden accident occur or electric shock, he may 
be treated by first aid method to protect from death, before taken into hospital. 

When a person is affected by current shock, first the circuit should be disconnected. If the main 
switch is nearer put off the switch or using any wooden stick we could disconnect the person from 
circuit. Then immediately send him to consult a doctor. 

If the affected person lose his consciousness, but breathing is normal then looser his clothes and 
apply cold water on his face and keep him in open air. 

If the person does not breath then immediately arrange artificial method of breathing clean his 
mouth and keep it open. 

There are three methods of artificial breathing. 

HOLGER NELSON METHOD 

In this method the victim should be kept in the bed facing the ground. Fold his hands and keep it 
in the backside of his head, the helper sitting at his head should massage his back using both hands. This 
is done with in two seconds. 

Mouth to mouth 

In this method the helper pushes air by keeping his mouth on the victim's mouth.By closing his nose 
then the air fill lungs. So the victim gets artificial respiration. 



Pull Lower 
Jaw Forward 




Press Head 
Backwards 



Lay Victim on his back and 
Loosen Clothing around Neck 



Mouth to Mouth Resuscitation 
Procedure - 1 
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Seal Patient's Lips 

with yours and 

inflate Lungs 




Pinch 
Nos Trials 



Blow into lungs (12 times every minute) 
avoid patient's exhaled air 

Mouth to Mouth Resuscitation 
Procedure - 2 

MOUTH TO MOUTH METHOD 

1 . Put the victim on a bed-sheet. 

2 . If his tongue is folded correct it, 

3 . Using both hands catch his forhead and chin. 

4. For respiration place your mouth over the mouth of the victim and send an to his body for 
respination. 

Through Nose 

In this method the helper send air through victim's nose. By closing his mouth the air is blown in his 
nose till the heart of the victim rises by this way the victim gets artificial respiration. For a child the air 
blown is half the heart level, compared to adult. 



Questions 

Part -A 
Choose the Correct Answer 

1 . The smallest particle of an element is known as, 

a) Atom b) molecule c) NucLeous d) Electron. 

2. The Atom is composed of, 

a) Electrons only b) Protons only c) Neutrons only d) Electrons, proton, Neutrons 

3 . In case of Electric fire use, 

a) Dry sand b) wet sand c) Corbon powder d) Water 

4. The number of Electrons in an Atom are equal to 

a) equal to neutrons b) Equal to protons 

c) Equal to the atomic number of the substance d) None of this . 

5 . The Supply volltage used for domestic purpose is, 

a) 110- 120 V b) 120 -130 V c) 220 - 230 V d) 400 - 440 V 

6 . Switch always be installed on 

a) neutral wire b) earth wire c) Phase wire d) none of the above 

7. Without swetting of human body of the resistance is approximately. 

a) 80 K Q b) 40 KQ c) 10 KQ d) None of this. 

Part - B 
Answer the following questions in one word 

1. What are the main particles in an Atom? 

2 . What is Nucleous? 

3 . Neutron have which charge? 

4 . Proton have which charge? 

5 . What charge does electrons have? 

6 . Should we throw water incase of the electric fire? 

7. While a person is in contact with electric shock should be removed by pulling his arm? 



Part-C 
Answer the following questions in briefly 

1. What is called Atom? 

2 . What preventive precautions should be taken to avoid electric shock? 

3 . What is Electricity? 

4. What is current? 

5 . What are the different method of artificial repiration? 

6. What are the methods used for production of Electricity? 

Part-D 
Answer the following questions in one page level 

1 . Explain the structure of Atom? 

2 . Explain the methods of prevent electric shock? 

3 . Explain the different types of First Aid? 

Part-E 
Answer the following questions in two page level 

1 . Explain the power generating methods? 

2. Explain the Electrical safety and precautions? 



2. MATERIALS USED FOR 
ELECTRICAL WORKS 



INTRODUCTION 



Generally the materials used for electrical works divided into three types. There are called 
Conductors, Insulators and Semiconductors. The materials which conduct the current from one place 
to other place are called conductors, the materials do not conduct current i.e. it resists the current are 
called Insulator and the materials which have half of the properties of these two are called semiconductors, 
i.e. It conducted only a very low value of current. For this purpose conductors and insulators are widely 
used in Electrical department where as semiconductors are used in Electronics department. 

In this chapter, we have to study about the types and properties of conductors and insulators. 

2.1. CONDUCTOR 

What is called conductor? The wire which carries (Conducts) current from the supply point to the 
load is called conductors. The material is operated by using the current is called load. Eg. Fan, Radio, 
Iron box, Mixie, Grinder, Bulb etc. Generally all types of metals are used for conducting purpose, some 
metals permit easily to allow the current flow through it. This type of metal is called "Good Conductors". 

2.1.1 Properties of conductor 

To conduct the current easily. 

Would have low resistance. 

Would have high tensile stress. 

More flexibility. 

It will not affected by the corrosion due to air (or) not affected by rain, heat. 

When a current is flowing through the conductor, it will get heated. Therefore it is not affected 
by heat. 

Easy to soldering. 

Cost is low and is easily available to buy it. 

2.1.2 Types of Conductor 

Conductors are classified into three types depending upon the conducting property with low 
resistance there are solid conductors, liquid conductors and gas conductors. 

Solid Conductors 

Silver, Copper, Brass, Aluminium, Tungsten, Nichrome, Zine Iron are called good conductors. 
There are converted into thin wire and thin rod or strap for the purpose of conduction. 

We have to study about the metal is used for conduction and where there is used. 
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2.1.3 Liquid Conductors 

The conductors in the form of liquids are called as Liquid Conductors. Mercury, Sulphuric Acid, 
Nitrate are some of the liquid conductors used in batteries. Mercury is used in high power vapour 
lamps and automatic circuit breakers. 

2.1.4 Gas Conductors 

Organ, Helium, Neon, Nitrogen are some of the gas conductors. They are used in gas discharge 
lamps at high temperature. 

2.2. INSULATORS 

Insulator is non-conducting material, i.e., it resists electricity. It has high resistance value, normally 
in Mega Ohms. 

Properties 

It has high resistance and specific resistance. 
High di-electric strength. 
Good Mechanical strength. 
Withstands high temperature. 
May not get change in shape due to temperature. 
May not absorb water. 
Can be made to any shape. 
Can not get fire easily. 
Classification of Insulators 

Generally Insulators are classified into three types: 

1. Hard Insulators 

Ex. : Back lite, Porcelain, Wooden Plank, Glass, Mica, Ebonite 

2. Soft Insulators 

Ex. : Rubber, Poly- Vinyl Chloride, Varnish coated papers, Micanite, Pressphan paper 

3. Liquid Insulators 

Ex. : Mineral oil, Shellac, Varnish 

2.2.1. Tools and their uses 

For the betterment of our electrical works anumber of minor and major tools are used. In this 
chapter we are going to learn such tools. 
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1. CUTTING PLIER: 

In electrical tools cutting plier is the most important tool. It is used to cut the cables and to tighten 
them. The handles of the plier is, wrapped by rubber even to be used in current supply. It is also used 
to fix or remove screws. 




2. LONG NOSE PLIER 

It is used to fix and remove screws in narrow gaps. It is widely used while repairing radios and 
speakers. 




3. KNIFE 

It is used to remove the insulation in electric cables. The handle of a knife is made up of wood or 
plastic. Its length is in four or five inches to keep easily in shirt pockets. 
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4. SCREW DRIVER 

It is used to fix and tighten the screws. The point of a screw-driver should be flat to be fixed in the 
gap in the head of a screw. It is available in different sizes from 4.5 inches to 12 inches. It is named 
according to its length. Its handle is made up of wood or plastic. Wooden handles are better to be used 
for long period than plastic handled Screw Driver. 




5. CONNECTING SCREW DRIVER 

It is also a type of ScrewDriver. Its handle is made of plastic. It is available in small sizes. It is used 
to fix and tighten screws in joints, and poles. It is of 4.5 or 5 inches. 



ZZX> 
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6. TESTER 

It is the essential tool of a electrician. It is also like connecting screw Driver in size. 









o 



Its handle is also made up of slots. In its handle a visible pipe like part is fixed in it a neon bulb is 
fixed with a screw metal and there is a clip in its head. All these parts are connected using a cable. It is 
used to check current supply in electric circuits. If there is a current supply in the circuit the neon bulb 

glows. 

7. POCKER 

It has a sharp end. It is used to make holes to fix screws in electric boards. 




8. JUMPER 

It is used to make holes on walls. It is available in 8 SWG or 6SWG sizes. Its handle is made up 
of iron. By hammering its handle, required holes are made by the sharp points. 




7. TUBE JUMPER 

It is used to make holes on walls. But it is used to make holes between the walls to connect electric 
cables. One side of this jumper is like a saw. The hammer is used to make holes and rotate the jumper 
clockwise to make holes easily and quickly. 




8. WOOD SAW 

It is used to cut wooden boxes, sticks and round blocks for the required size. 
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9. HACKSAW 

It is used to cut PVC or metal pipes and metal frames. The frame of hack saw is made up of Iron 
and the handle is made up of wood. A clip is fixed in its other end to adjust the length. 




10. BALL PANE HAMMER 

As its head is round shaped like a ball it is called so. Its head is made up of iron and handle is made 
up of wood. It is used to fix needles and bend iron rods. It is available in different weights. 




11. CLAWHAMMER 

In this type of hammer of end is flat, the other bent and there is a claw in the end. It is used to 
remove nails and hammering the nails. 




12. MALLET 

It is fully made up of wood. It is mostly used for woodet works. 




D 
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13. HAND DRILLING MACHINE 




It is used to make holes in wooden materials. In one end of this machine a chuck is available to fix 
required drilling bit. Fixing it i wood by keeping the handle tightly, holes are made by rotating the cli 

14. FILES 

It is used to correct the size and smooth the upper part c metals . It is named according to the size 
and the rough surface fo smoothing other surface. 




TRY SQUARE 

It is used for measuring angles of 90: (Right angle) Measure-ments in mile metre are marked in its 
scale. It is used to measure 90 right angle accurately. 
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WIRE GAUGE PLATE 

It Is of round shape. It is used to measure the width of wires. Its unit is gauge. The wire is put into 
the hole in the centre of the Gauge to measure its width. Wires are available in gauge of 
8SWG, 12SWG, 18SWG. 




2.3 TYPE OF SWITCH 

S.P.T Switch: This is a mechanical divice used for opening or closing an electrical circuit. Single pole 
switch is used for closing (or) opening one phase only most of the switches are turmbler type but, 
now a days flush type switches are used. 

2.3.1 Intermediate switch : To control a light from more than two different places, the intermediate 
switch is used for example a long hall, corriders and passage ways with many doors etc. 

2.3.2. Knife switch: Knife switch is made of Copper and is generally used in laboratories for switch 
boards. It has a long piece of! copper strip hinged in one end and which can go into a copper socket 
at the other end. It has got an insulated handle and two terminals. Below the main some times there is 
additional small strip held by means of springs. The small strips makes contact to permits any number 
of control points. 

2.3.3 Main Switch: Main switch is the one which controls the electrical supply for whole house (or) 
factory. These are also called as Iron clad switches. There are different types, Two pole and Three pole 
in the Two pole switch, their will be two fuse units, the neutrol one will have a link and the phase 1 . will 
have the rated fuse wire. There is also an earth terminal. The Iron clad switch has a metalic cover which 
can be screwed out for changing the blown out fuse only. After putting of the switch. From the main 
switch leads are taken to the distribution box. 
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2.4 Fuse unit: 

Function : A fuse in meant for protecting the circuit from damage if a short circuit developes some were 
in the wiring (or) in the connected appliances. Like a switch it instantly breaks the circuit and the flow of 
current in the circuit is interrupted at once. It does so automatically by melting off it self. A fuse in made 
of a metallic wire (tin, lead and Zinc alloy) having a low melting point and so life at any instant any 
excessive current passed through the circuit, its heat melts of the fuse. When the fuse blows it is a clear 
indication that something has gone wrong some were in the system. Every electrical circuit must there- 
fore have a fuse of the correct rating as a protective device. Fuses are usally rated for 5 Amps, 1 
Amps and 1 5 Amps 

Types of fuses: Kitkate porceilin fuse unit, HRC fuse, Cartridge fuse. 

2.4.1 Cartridge fuse: This type of fuse in mostly used in TV, Radio, Record plier, Voltage stabiliser, 
etc. They are in the shape of a capsule in which the fuse wire is stretched in a gas tube with metalic caps 
at each end. The blown of fuse wire can be seen stright away. This type of fuse is easy to replace by 
simply pressing it into its seat. 

2.4.2, Kit Kat type fuse : These are the ones mostly used in domestic installations. This fuse consists 
of a proclaim base having two fixed contacts, for connecting the incoming and outgoing cables. The 
bottom part of the fuse is called the base and the top is called the fuse carrier. The line and a load wires 
are connected in the base terminals and the carrier is provided with a fuse. The base fixed but the 
carrier is removable. 

2.5 Wall socket: It has ready to give supply to the soldering iron, Table Fan, Radio, TV and other 
electrical appliances. It has two pin, 3 pin and 5 pin socket for connecting plus, it is usually rated for 5 
Amps and 1 5 Amps. 

2.6 Ceiling rose : Ceiling fan (or) Tube lamps are get supply from this ceiling rose. It has two or Three 
brozz plates with connecting terminal screws. 

Types of Ceiling rose : Two plate ceiling rose, Three plate ceiling rose. 
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Questions 
Part -A 

1. Choose the Correct Answer 

1 is the best conductor. 

a) gold b) Silver c) Copper d) Aluminium 

2. MICA is better. 

a) Conductor b) Insulator c) Semiconductor d) None of these. 

3 . Intermediate switch is used to control a lamp from 

a) One place b) more than two places 

c)individual controlling d)Noneofthese. 

4. Ceiling rose is used to take supply for 

a) Portable equipment b) florocent tube 

c) heater of 2000 watts d) an electric iron. 

5 . Which tool is used for pulling, twisting, cutting and wrapping purpose? 

a) screw driver b) Insulated combination plier c) side cutter d) gas plier 

6) Which tool is used for hammering the nail? 

a) Plier b) Screw driver c) mallet d) Hammer. 

7) The tool used for measuring the size of the conductor wire is 

a) Try square b) SWG c) Wooden scale d) None of these. 

Part-B 
II. Answer the following questions in one word 



Which Switch is used to control a bell point? 

Of which meterial these ceiling rose are made? 

What are the rating of single way switch? 

How the switches are connected with load? 

What is P.V.C. stands for? 

Give example of safety accessories? 

Where the two way switches are used generally? 
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Part-C 

III. Answer the following questions in briefly 

1 ) What is conductor? 

2) What is insulator? 

3) What are semi conductors? 

4) Give examples for conductors? 

5 ) Give examples for Insulators? 

6) Give examples for Hand tools? 

Part-D 

IV. Answer the following questions in one page level 

1 ) Explain the classification of conductors? 

2) Explain the properties of Insulators? 

3) Write short notes on Tester, cutting plier? 

Part-E 

V. Answer the following questions in two page level 

1) Explain the properties of conductors and Insulators? 

2) Explain the types of Hand tool? 
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3. ELECTRICAL TERMS AND 
DC CIRCUITS 

3.1. INTRODUCION 

Generally says, the current flows form positive (+) terminal to negative (-) terminal. But electrons 
flow from negative terminal to positive terminal. The flow of electron is called current. Related to this, 
we study about some of the electrical terms. 

3.1.1. Electrical Current 

The continous flow of free electrons constitues an electric current. The unit of current is amper (A) 
and is measured by Ammeter. It is denoted by the letter "I". 

Amphere 

If one columb charge cross over the area of cross section of the conductor per one second then 
the value of current flows through the conductor is called ' One Ampere' . 

One Coulomb 

2n x 1 18 number of electrons is mentioned as one coulomb. 

3.1.2. Voltage 

To create the current flow in a conductor, i.e., the electrical pressure which is used to move the 
electrons is called voltage. It is denoted by the letter 'V. The unit of voltage is 'Volt' and is measured 
by voltmeter. 

One Volt 

One volt means the force to move one coulomb of electrons in one second. 

3.1.3. Resistance 

The property of conductor which opposes the flow of current through it is called resistance. It is 
denoted by the letter 'R' . The unit of resistance is ohms (Q) and is measured by Ohm meter. 

Ohm 

When a conductor having IV potential between the two end points, one ampere current will 
flowing through the conductor and the resistance value of the conductor is 1 Ohm (Q). 

3.1.4. Electro Motive Force (EMF) 

In a circuit, a force is used to conduct the electrons from one point to another point is called 
Electro Motive Force. The unit of EMF is volt. 

Electro Motive Force = Potential difference + Voltage drop 

i.e, (EMF = PD + Voltage drop) 
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3.1.5 Potential Difference 

It is represented by, the potential difference between any two points in the electrical circuit. Shortly 
it is called PD and the Unit is Volt. 

3.1.6. Electric Power 

Power is defined as the product of voltage and current. Unit of power is watts. The energy absorbed 
by an appliance in one hour is called the energy consummed by the appliance. It's unit is watt and 
denoted by the letter "P." 



— V x I watts 

— P x t watt hour 
= lUnit 



Electric work Q 
one killo watt hour 
3.1.7. Law of Resistance 

The resistance of a conductor in a circuit depends upon the following states. 

• It depends upon the material. 

• Directly proportional to the length of the conductor. 

• Inversely proportional to the area of the cross-section of the conductor. 

• It also depends upon the temperature of the conductor. 
Resistance calculation 

Resistance- Specific resistance x length 
Area of the cross-section 

R=pl/a 

R - resistance - ohms 




Cm 



p - Specific resistance - Ohm meter 
L - Length of the conductor - meter 
A - Area of the cross-section of a conductor - Sq.m 
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3.1.8 Specific Resistance 

The resistance that is offered by one cubic cm material is called specific resistance. 

The following table shows the specific resistance of materials 

Materials Specific resistance is ohm - meter 

Gold - 2.42 xlO' 8 

Silver - 1.63 xlO" 8 

Copper - 1.724xl0- s 

Alurninium - 2.83 xlO" 8 

Rubber - 8xl0 7 

Glass - lOxlO 11 

Example 1 

1 Cm 2 cross section, 50 m long copper conductor has specific resistance 1 .72 x 10' s ohm-cm find the 
resistance. 

Solution 

Copper conductor length = 

i.e. L = 

Cross Section (a) = 

Specific resistance = 

Resistance = R = 



L = 50m 




50 x 100 cm 




1 cm 2 




1.72xl0- 8 ^cm 




pL 




a 




1.72xl0" 8 x50x 


100 


1 




0.0086 Ohm 




0.0086 O 





Resistance R = 

Example 2 

Area of cross section of the Aluminium conductor is 0.009 sq.cm .Specific resistance is 
2.69 x 10 ohm-meter. Potential difference between the end points of Aluminium conductor (PD) is 
20v. If 2A current is flowing through this, what is the length of the conductor? 

Area of the cross-section (a) = 0.009 cm 2 

= 0.009 xl0" 4 m 2 

Specific Resistance (p) = 2.69 x 1 0" 8 ohm-meter 

Potential difference (V) - 20 V 

Current (I) -2 A 

Resistance (R) = V/I = 20/2 = 10 
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R=pL 
a 

Therefore L = Ra - 10x0.009xlQ - 4 

~p~ 2.69xl0" s 

= 334.5m 

3.2. CONDUCTANCE 

Conductance is reciprocal of resistance whereas resistance of a conductor measure the opposition 
which offers to the flow of current, hence the conductance measures the inducement, which offers to 
flow of current. Its unit is Mho and denoted by the letter G. 

Conductance G = 1/R Mho(y) 

Generally the materials are classified by its conductance as they are 

1. Conductor 

2. Insulator 

3. Semiconductor 

1. Conductor 

Conductor means the material, which should allow current flow through it. All matters are conductors. 
Silver, Copper and Aluminium are few the good conductors. 

2. Insulator 

Insulator means these substances which totally resist the flow of current through it. This type of 
substances are used in electrical appliances as Insulator. 

Ex : Glass, mica, Asbestos, paper, wood, rubber, Porcelin, Plastic, dry cloth, backlite, PVC. 

3. Semi Conductors 

The material whose conductivity lie in between conductor and Insulator is called semi conductor. 
Ex. Germanium, Silicon. 

3.3. TEMPERATURE CO-EFFICIENT OF RESISTANCE 

The difference in Resistance while increasing temperature from to 1 c is called temperature co- 
efficient of resistance. 

A conduct the conductor resistance increases to R ohm 

t 

Then the difference in the resistance 
AR = R -R Ohm 

t 

AR depends 
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1 . directly on its initial resistance 

2. directly on the rise in temperature 

3 . on the nature of the material of the conductor 
orR-R a Rxt 

t 

where t is the rise in temperature 
or R - R = aR n t 

t o 

where a (alpha) is constant and known as the temperature coefficient of resistance of conductor. 

from the above equation 

R t -R fl 



^ 



If R n , = 1Q t=l°cthen 



R ( -R 



Hence the temperature coefficient of a material may be defined as the increase in resistance per U C 
rise is temperature 

From ex. we find that R = R ( 1 + at) 

Example 

Find the resistance of a copper conductor resistance at 25°c where the conductor resistance at 
0°c is 1 50 Q and temperature coefficient is 0.0040 per °C. 

Solution : 

Temperature coefficient copper = 0.0040 per °C 
At 0°c, resistance = 150 Q 
Therefore R ( = Ro(l+ at) 

150(1+0.004x25) 

150(1+0.1) 

150(1.1) 

165 Q 
therefore resistance at 25°c in 1 65 Q 
Effect of temperature on resistance 
The effect of rise in temperature is 

1 . The resistance increase when temperature increases in metal like copper and iron, from this we 

can understand that pure metals have positive temperature co-efficient. 
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2. In alloys like magnesium and Eureka resistance increase is relatively small with increase in 
temperature. 

3 . In Electrolyte, Insulators, mica, glass and rubber resistance decreases with increase is temperature. 
Hence they have negative temperature - coefficient of resistance. 

3.4. OHM'S LAW 

A relationship was derived by the scientist Ohm, between the current, voltage and resistance of 
the circuit. It says, 

"At a constant temperature, the current flowing through the circuit is directly proportional to the 
voltage and inversely proportional to the resistance". 

Current- ^^ 
Resistance 

ieI = V/R 

R = V/I 

V = IxR 

When the resistance of a circuit is constant, if the voltage increases the current increases and the 
voltage decreases the current decreases. 

If any two of the three values (I, V, R) are known, the third value can be easily calculated. 

Let us see some problems based on the above: 

Problems 

1 . The supply voltage of the circuit is 240 V and the resistance value is 12 ohms. Calculate the 
current flowing through this circuit. 

Voltage (V)- 240 volts 

Resistance (R) = 12 ohms 

Current (I) = ? 

According to ohm's law, 

I = V/R = 240/12 = 20A. 

2. The supply voltage of the circuit is 230 V. If 1 Amps current is flowing through this circuit , 
calculate the resistance value of the circuit. 

Voltage (V) = 230 volts 

Current (I) -10 A 

Resistance (R) = ? 
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According to ohm's law, 

R = V/I - 230/10 = 23 Ohms. 

3 . Find out the voltage of the circuit when 6 A current is flowing through the circuit. Resistance of the 
circuit is 40 Ohms. 

Current (I) -6 A 
Resistance (R) = 40 Ohms 

Voltage (V) = ? 

According to ohm's law, 
V = I x R - 6 x 40 - 240 V. 

3.5 ELECTRICAL CIRCUITS 

The circuit is defined as, the current flows from the supply points through the load to complete 
Path. In this chapter, we have to study about the types of electrical circuit. There are called (1) Closed 
circuit. (2)Open circuit. (3). Short circuit. 



1. Closed Circuit 



ZJX1- 



:m; 



-tf-"©~ 



Fig.3.5.(a) 

When a load is connected between two terminals of an electrical supply in such away, that the 
current should pass through the load is said to be closed circuit. 



2. Open circuit 



<—JVL 



S&L 
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In a circuit, if there is no way to the flow of current due to disconnection of wire or if the switch is in 
OFF state, then the circuit is said to be open circuit. 



3. Short circuit 



_ . , nn. 



t < r 

J20. 



-rtfL 



7 



/ 



/ 



/ 



/ 



S^-L\ 



Fig. 3.5. (c) 

The wires contact each other when there are connected in supply, the short circuit will occurs ie 
.two terminals of the supply is connected directly without the load the current flow of the circuit is 
infinite because it has no resistance. 

Leakage 

When any wire in the electrical connection may contact the body of a material, current leakage will 
occurs. In this conduction, if we touch the electrical equipment we get shock 

Classification of electric circuit 

1 . Series Circuit 

2. Parallel circuit 

3. Series Parallel circuit 

4. Mesh or Network circuit 
3.6. SERIES CIRCUIT 



E(or)V 




Fig. 3.6 
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When resistors are connected as in fig. so that the same current passes through all of them, they 
are said to be in series. 

Here the resistors R , Rj , Rj are connected in series with each other. 

(i.e.) R, is connected with R^ R, is connected with R 3 and R 3 is connected with Rl through a 
battery supply. The current flow is in same direction (i.e. one direction) 

T ampere current flows in all three resistors 

Each resistor has a voltage drop across it as given by Ohms law. Thus 

V^IR^V^IR^V^nt 

The total drop in three resistors put together is 

V 

= I(R ] +R 2 + R 3 ) 

R, + R, + R 3 



V + V + V, 

I 2 J 



Y 
I 



Y = R 
I 



Where R 



R + R + R, 

1 2 j 



V 



T 



JL 



VI 



V2 



V3 



V4 



Fig. 3.6 (a) 

When one or more batteries are connected in series with each other, the total potential difference 
is the sum of the individual ones. 

In the above there are four batteries (V ]5 V 2 , V 3 and V 4 ) connected in series with each other. 

Total potential difference (V) is 

V - v, + v 2 + v 3 + v 4 



According 


to Ohm' 


slaw 












I 




V and V = 
R 


= IR 


Here V - 




v, + v 2 


+ v 


3 + V , 
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The voltage drop in each resistor is 



V, 



IR, 

IR 2 

IR 3 
IR, 



Where R , R>, R^ and R 4 are the internal resistance of each battery. 



Therefore R 
Example 



R 1 + R+R 3 + R 4 



20Q, 40O and 60Q resistors are connected in series across a 240 V supply. Find out the total 
resistance of the circuit and current that flows through the circuit. 



R 1 - 20Q R 2 = 40Q 



R 3 = 60Q 





20Q 




40Q 


eon 








Ri 




R, 


w 




i 


OV 




J 
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Solution 








R, 


= 


20, R, 


= 


E 


= 


240V, 




R 


„ 


?, I 


„ 


According 


to ohms law 




1 


— 


V 
R 




Where R 


= 


R, + R 2 + R, 




R 


= 


20 + 40 + 60 


= 120Q 


R 


= 


120 Q 




I 


= 


240 = 
120 


2A 


I 


=: 


2A 





Fig. 



40 



R3 



60 
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Example 

Three resistors are connected in series. The total resistance (R) of the circuit is 60Q. The first two 
resistors are 25 Q, and 1 5 Q. find out the third one. 



25Q 



ISO 





R. 




R, 




R , 




JL 








ppiy 















Solution 

In a series total resistance (R) is 
R 

R, 



-60 a 



60 

«3 



Rl + R2 + R3 

25 ^ R r 

15 
? 

25 + 15 + R3 
25 + 15+R3 
60-40 
20 Q 
Important rules of a series circuit 

1 . In the series circuit, the current flows in one direction 

2 . Total Resistance 

R - R 1 +R 2 + R 3 ... 

3 . In a series circuit, the same current passes through all its resistors. 

4. The total drop across the series circuit is the sum of voltage drop across each resistor. 

V - v,+v, + v 

5 . The total series circuit will be inactive (there is no current flow) there is a fault in any one of its 
resistors. 

6. This type of connection is used in serial sets (Decorative lamps) 
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3.7. RESISTANCE IN PARALLEL CIRCUIT 



When resistors are connected across one another so that the same voltage is applied between the 
end points of each, then they are said to be in parallel. The current in each resistor is different and the 
current I taken from the supply is divided among the resistors. 
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t 
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V 



Fig. 3.7. 

In parallel circuit total current (I) is equal to some of the currents I, 3 1, and I 3 . 

I = I,+I 2 + I 3 

According to Ohm's law, we can find the total resistance (R) as given below 



I 


= Y 

R 








\ 


= V 








\ 


- V 

R, 








h 


= v 

R, 








but I 


=\ + h + h 








I 


v+ V+ V 










R, R, R, 




Where 1 


1 + 1 + 1 


I 


= v/ 1+ I + I ") 
VR, R 2 V 

= 1 +1 + 1 O I - 




R 


TT "R 7 RT 

1 2 -i 




= 1, 


1 
R 


= R 2 R :j + R i R 3 + R | R 3 


I 


R^A 


V 


R, R 2 R 3 '°° V 


R 


R 


R,R 2 R 3 



R,R, + R,R, + R 1 R, 

2 3 l.i 12 



IMPORTANT RULES OF PARALLEL CIRCUIT 

1 . In the parallel circuit current flows though two or more paths at a junction. That is, it gets divided. 



2- I = I, + I 2 + I 3 

3 . The voltage drop is same in all resistors 

4. If there are 3 restistors (R p R 2 , R 3 ) in the circuit R = 



Rjjy^ 



R^ + R t R 3 + RjR, 

5 . If there is a fault in one resistor the other wto resistors will work. The current will be divided into 
two parts and will flow through the two resistors. 

Example 

6Q and AQ. resistors are connected in parallel through 240v supply. Find out the total resistance 
and current flows in it. 



Solution 



<oS^ 



R\ 



S^ 



R^. 



. 240V 
Fig. 



R, = 6Q 


R,= 


4Q. 


V = 


240V 


R = ? 










In parallel circuit 










R 


R.R^ 
R,+R 2 


= 6x4 = 
6 + 4 


24 
10 


R 


2.4 Q 








According to ohrr 


i's law 








I 


Y = 
R 




240 
2.4 


„ 


I 


100 Amp 







100A 



Example 

Three resistors 10Q, 5Q and 2Q are connected in parallel. 
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The total current flowing in the circuit is 2A. Find out the total resistance and supply voltage of the 
circuit. 



10Q 



Solution 




R, 


100 Q 


*2 


5Q 


R, 

3 


2Q 


R = ? 


I - 2A V - ? 


D 


RjRjR 



01 i.2A 



R 2 R 3 + RjR 3 + RjR, 
10x5x2 





(5x2) + (2x10) + (10x5) 




100 _ 100 




10 + 20 + 50 80 


R 


1.25 Q 


V 


IR 


V 


2x1.25=2.5 


V 


2.5 V 



1-2. 




* - - 



2^ 



Rs 



V 



Fig. 



1.25 fi 



3.8. RESISTANCE IN SERIES PARALLEL CIRCUIT 

In this circuit one and more resistors connected in series with one more resistors connected in 
parallel. It is a combination of series and parallel circuit. 



V 



f 



Ri 



{* 



R3 



~gef 



ks 



Fig. 3.8 



In the above series parallel circuit there are five resistors (R , R^ R,, R 4 , R.) placed in it among 
them R, , TL, are connected in series and R,, R 4 , R 5 are connected in parallel. The parallel resistors are 
connected in series with Rj and Rj. 
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Here the total resistance (R) of the circuit is 
R = R.+R.+ 



R 3 x R 4 x R 5 



R A R, + R,IL + R,R d 

4 5 5 j 3 4 



Example 

1 Cl and 8 Q resistors are connected in parallel with a 4 Q resistor is series. Find out the total 
resistance of the series parallel circuit. 











10O 






4Q 










t 

V 






8a 






4 















Fig. 



Solution 

Resistance of the 
parallel circuit 



R 



R.R 2 

R,+R 2 

10x8 
10 + 8 

80 

18 

4.44 Q 
Total resistance of the series parallel circuit 

r = 4.44 + 4 

8.44 Q 

Example 

Three resistors 2, 4, and 6 ohm are connected in parallel. This parallel combination is connected 
in series with a resistor of L5 ohm. Find the current through in each resistor when the applied voltage 
islOV. 
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f 



10V 



1 



Given Data 




R, 


- 2Q 


^ 


= 4Q 


R3 


= 6Q 


R, z 

4 


= 1.5Q 


V 


- 10 Volts 



1.5 n 



Fig. 



B 



2Q 



4Q 



-O 



6Q 



To find current throgh in each resistors 

Solution :- Resistance between AB 

1 
Rp 



Rp 



Rp 



1 +1+1 




R, R 2 R 3 




R 1 R 2 + R 2 R 3 + R ] R 3 




R,xR 2 xR 3 




R 1 xR 2 xR 3 




R,R 2 + R 2 R 3 + R 1 R 3 




2x4x6 




(2 x 4) + (4 x 6) + (6 > 


'2) 


48 


48 


8 + 24 + 12 


44 


1.09 fi 





1.09 Q 
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Total Resistance between AC 
R- = Rp + R4 

= 1.09 + 1.5 

= 2.59 Q 

V 
Total current in the circuit = — — 

R r 

10 =3.86 Amps 
2.59 

Voltage drop across AB = I x Rp 

3.89x1.09 

4.24 Volt 

(Voltage is constant in parallel circuit) 

i. Current in 2 Q Resistor = V = 4.24 



ii. Current in 4 Q Resistor 



iii. Current in 6 Q Resistor = V 



R, 


2 


2. 12 Amps 




V AB = 

R, ■ 


4.24 
4 


1.06 Amps 




V AB - 


4.24 
6 


0.706 Amps 





3.9. KIRCHOFF'S LAW 

Kirchoff's Law is used to find out the current flow in the network circuits easily where ohm's law 
is not applicable. It is applicable both for D.C. and A.C. circuits. 

They are 

1 . Current law or Point law 

2. Voltage law or Mesh law (or) Tressure law (or) Electro motive for a law. 

Current law 

The sum of the current flowing towards a junction is equal to the sum of the currents flowing away 
from it. This is called Kirchoff's Current Law. 
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Fig. 3.9 (a) 

In the fig. above, J a junction (or node) formed by five conductors. The current in these conductors 
arelj, I 2> I 3 , I 4 , andL. 

Some of these currents are flowing towards J and others away from it. 

According to Kirchoff 's Law 



I . +I 2 + I 3 



I, + I 5 



(Flowing towards J) = (Flowing away from J) = 

Otherwise 

I, + 1 + 1 3 - 1 4 - 1. = 0. This is known as KCL equation. 

Voltage Law 

At any closed circuit the Potential Drop (IR) at each Resistance is equal to the total voltage given 
to the circuit. 

A 



R. 



•V = IR? 



i i 



+ 



T 



V^IR, 



VIR3. 



D 



R, 



1 



B 



R, 



Fig. 3.9(b) 
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In a closed circuit, the sum of the potential drop is equal to the sum of the potential rises. This is 
called Kirchoff 's Voltage Law. 

V - IR 1 + IR,_ + IR 3 

Example 

In the circuit of Fig, find using Kirchoff 's laws, the current in the various elements. 

Solution 

According to Kirchoff 's first law mark the direction of current flow. According to Second law, 
Write down the KVL equation in the closed circuits. 



6-n- 



A 

Mr 



^ov 



9-a- 



E> 



t 



£ 



2XL 



*\ + 2I 2 



Fig. 

1 . ABEFAforms a closed circuit 
61, + 2 (I, + I,) - 90 

90 

2. CBEDC forms another closed circuit. 
8I, + 2(I,+y = 110 

110 
90(1) 
110(2) 

To solve, equation (2) is multiplied and subtracted from (1 ) by 4. 

90 (3) 
(2) x 4 _ 81, ± 40I 2 = ,440 (2) 



21, + 10I 2 

8I 2 + 2I 2 
2I 2 + 10I 2 



81, +21, = 



-38I 2 
381, 



-350 
350 



«tfi 



X% 



1 



nov 



D 



38 



350 
38 



9.2 11 Amps 



Substitute the I 2 value in equation ( 1 ) 

81, +2 (9.211) 
81, + 18.422 

81, 
81, 



I, 



90 

90 

90- 18.422 

71.578 

71.578 
8 

8.947 A 

8.947 Amps 



From this, 

The current through 6 Q resistors is = 
The current through 8 Q, resistor is = 
The current through 2 Q, resistor i s = 



8.947 A 
9.211A 
8.947 + 9.211 
18.158A 



Example 2 

By using Kirchoff's law, calculate the current flowing through each resistor as shown in the 

By applying Kirchoff's second law, 

In circuit ABEFA, 51, + 20 (I, + 1,) = 4 
51, + 201, + 20I 2 - 4 
251, +20I 2 -4(1) 
In circuit EDCBE, 4I 2 + 20 (I, + I 2 ) =6 
4I 2 + 20Ij + 201, = 6 



201, + 241 2 



- 6 
Eqn(l)x4,100I, + 80I 2 -16 (3) 

Eqn (2) x 5, 1001, + 1201, = 30 (4) 

Eqn (3) - (4), -401, = -14 




I, 



= 0.35 A 
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Substitute I 2 = 0.35 in Eqn ( 1 ) 

25 I, +20 (0.35) -4 



25 I t = -7 + 4 = -3 



I, = -0.12A 



The path of the current flow in the 5 Q resistor is -ve, therefore we assume current direction is 
opposite to that as shown in fig. 

Current Ij in 5 Q resistor = 0. 12 A 

Current I 2 in 4 Q resistor = 0.35 A 

Current I, + \ in 20 Q resistor = 0.23 A 

3.10. CAPACITORS 

INTRODUCTION 

In this we are going to study about an important material used in electrical circuits i.e., capacitors. 
Capacitor is an instrument to store electrical energy (Capacitance) to a particular time and discharge it 
when needed. It is also called as condenser. 

The charge in the capacitor is denoted by the word capacitance and is measured by the unit called 
Farad(F). 

A capacitor can be manufactured by keeping a di-electric medium in between two electrodes. The 
di-electric medium can be air, wax coated paper, mica or oil etc. 

3.11. CONSTRUCTION 



+ + + + 




Fig 3.11 

A Capacitor can be manufactured by keeping di-electric medium in between two electrodes. The 
capacitance of the capacitor differs depends upon the distance between the electrodes and the strength 
of the di-electric medium. 

Working of a Capacitor 

The fig shows a capacitor is connected across a battery. One electrode is connected to +ve 
terminal and other is connected -ve terminal of the battery. 
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Now, the supply is given to the capacitor, the electrode connected in the +ve terminal gets positive 
charge (+) and the electrode connected in the -ve gets negative charge(-). During this, capacitor gets 
charging, i.e., The amount of charge between the plates depends upon the dielectric material and also 
the distance between the electrodes. After few seconds the current flow stops. Now the capacitor 
voltage is equal to the supply voltage. In this way the power can be stored in a capacitor. This stored 
power can be used again when needed. 

3.12. POWER OF CAPACITOR 

Power of the capacitor can be depends upon the construction ie., 

• directly proportional to the area of the electrodes. 

• Inversely proportional to the distance between the two electrodes . 

• Depends upon the di-electric strength of the insulating media. 

3.14 CAPACITANCE 

The capacitance of a capacitor is defined as the ratio between the changing given to the capacitor. 
This is denoted by the letter C and the unit is Farad. 

Capacitance (C) = Charge (O) 
Voltage (V) 

Therefore C = Q Farad 
V 

Hence C — Capacitance - Farad 

Q — Charge given to the capacitor Coulomb 

V — Potential difference between the plates - Volt 

If the dielectric medium between the two plates is stronger, then the capacitor can have high 
charging capacity. 

Lower value of capacitance is called as micro farad & Picco farad. 

3.14. ONE FARAD 

When one volt supply is given to the capacitor, it will get 1 coulomb charge then it is called as 1 
Farad. 

3.15 TYPES OF CAPACITORS 

Capacitors can be classified depending upon their construction and also the material used for 
malting the capacitor. For this, two types are classified as (i) Fixed Capacitor (ii) Variable Capacitor. 
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3.15.1 Fixed Capacitor 

In this, three types of capacitors are mostly used. This type is based on the electrodes and dielectric 
material used between the two electrodes. These are used in Radio circuit. In this capacitance value 
cannot be changed. Let us study about these types of capacitors. 

Paper Capacitor 

Wax paper is rolled in the form of cylinder and dipped in wax solution in order to exhaust the air 
and placed in between two thin aluminium plates. This type of capacitor is used in de-coupling circuits. 

Mica Capacitor 

In this instead of paper mica is used as the dielectric medium. Silver mica is coated on the surface 
of the mica sheet and used as conductive electrodes. This type of capacitors are used in high frequency 
filters, coupling and tuning circuits. 

Ceramic Capacitor 

These are the modern capacitors. In this Ceramic is used as dielectric medium. The performance 
of this capacitor may not be affected even it get heated. 

Electrolytic Capacitor 

In this, aluminium Borate is used as the dielectric medium. When the paste is used in the form of 
wet it is termed as Wet Electrolytic capacitor and it is in Dry state it is termed to be Diy Electrolytic 
capacitor. Ofcourse wet electrolytic capacitor is not in use nowadays. 

The dry electrolytic capacitor should be connected carefully. This is small in size but having high 
capacity. 

3.15.2 Variable Capacitor 

This type of capacitor is used in tuner circuit of Radio receiver. In this, air is used as dielectric 
medium between the two aluminium electrodes. The value of the capacitance can be changed within a 
particular limit. 

Capacitance in Series 




Fig 3.15.2 

Three capacitors are connected in series as shown in fig. hi this connection if the total capacitance 
of the circuit is C then. 
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Capacitor in 


Series 












V 


= 


Q 

c 






Therefore V 


= 


Q 






v 2 


~ 


c 2 






v 3 


— 


c 3 






v , + v , + v 3 


— 


Q + Q + fi 

c, c 2 a 






V 


= 


Q 


i + 1 + r 

5 C 2 C ^ 








V 

Q 


= 


c ] c 2 c 3 


Where V = 

Q 


= l 
c 


j_ 
c 


— 


J- +_L + i 
c, c 2 c 3 






1 


= 


c 


A + c,c, + c,c, 






c 


c,xc, x a 

l i j 




c 


= 




c c c 






1 


C 2 C 3 + C 1 C 3 -fC,C 2 




c 


= 




c,c 2 c 3 








c.c, + c.c,+ 


C A 





3.15.3. Capacitors in Parallel 



T 
i 



C, 



"a 



a 



Fig 3.15.3 
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Three capacitors (C 1 , C2, C3) are connected in parallel as shown in fig. In this circuit, if the total 
capacitance of the circuit is C, then 



Q 



vc 



Therefoi 


reQ - 

i 


vc 




Q - 

2 


vc 

2 




Q = 

3 


vc 


Q +Q 

1 2 




vc +vc +vc 

1 2 


Q 


= 


V(C +C +C) 

1 2 3 


Q 

V 


— 


c +c +c 

1 2 3 



Where Q = C 
V 

C - C, + C, + C 3 

Advantages 

• Used in rectifier circuits to filter ac ripples. 

• Used as suppressor capacitor in fluorescent lamp. 

• Used in Ceiling fan, Radio and Television circuits. 

Problem 

1 . Find out the total capacitance of a circuit when three capacitors 1 mfd, 20 mfd and 30 mfd are 
connected in series and also in parallel? 



Solution 


i: 




CapacH 


ors in Series 




1_= 


L+L+L 




C 


c c c 

V -'l ^2 ^3 




!_= 


1+1+1=6+3+2 


C 


10 20 30 


60 


j_= 


= ii 




C 


60 




C = 60_ 


= 5.45 MFD 
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Fig. A 



lOmfd 



ir 



20mfd 



30mfd 



^^ 



T 



Capacitors in Parallel 

C = C1 +C2 + C3 
C= 10 + 20 + 30 = 60 MFD. 



Fig.B 



V lOmfd 



20mfd 



1 



i 



30mfd 
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3.16. WORK, POWER, EFFICIENCY AND ENERGY 

Work 

If a force of F moves a body through a distance S in its direction of application is called work. The 
unit of work is Newton meter. If 1 Newton force displaces a body through a distance of 1 meter then 
the work done is 1 Nm (Newton-meter) 

The potential difference applied across the coil causes to flow through it. This implies that there is 
an electrical work done. Unit of work done in Joule. In Electric circuit if 1 volt electric potential causes 
one coulomb of electric charge to pass through a circuit then the electric work done is equal to 1 Joule. 



1 Jouel 


= Volt x Coulomb 


Coulomb 


= Ampere x Time 


J 


Vxlxt 


Power 




It is the rate of doing work. Its units is Watt (W) 


Power = 


Work done Joules 




Time Time 


P = 


J 
t 


P = 


Vxlxt 



P = VI watts 

According to Ohm's law 



V = 


ffi. 




P = 


I.R.I. 


9 
IP 

P = VI(or 


I = 


y 

R 




p = 


VI 




p = 


W 


- v 2 




R 


R 


p = 


Power : 


in Watt 


V = 


Voltage in Volt 


I = 


Currenl 


tin Ampere 



watt 
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R = Resistance in Ohm. 

1 kilo watt- 1000 watts. 

Mechanical power is measured in horsepower. The relatinship between mechanical power and 
the electric power is found to be 

1 Horsepower = 746 Watts 

Watt meters are used to measure the power. Power is denoted by the letter "P". 

Efficiency 

Efficiency means the ratio between the input power to the output power. In all machineries the 
output power is lesser than input power. 

Efficiency - Output power 

Input power 
Percentage of efficiency = Output x 1 00 



Input 
Energy 

Energy means the amount of work done by a equipment during a time period oft seconds. Unit of 
energy is Joules. 

Energy = Power x time watt, sec 

The energy spent for the appliance is 1 kilo watt hour. It is also called as one unit. 

1 unit = 1 000 watt hour. 

Example : 1 

The resistance of a lamp is 1 Ohms, and curcent through it 2 A, calculate the power. 
Solution 

Resistance (R) = 10 

Current (I) = 2A 

Power ~ iR 

2x2x10 

40 W 
So the power of the lamp is 40 watts 
Example 2 

Calculate the energy unit when a 500 watts lamp is ON for 6 hours 
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Solution 

1 000 watts xl Hour 
Energy consumed — 500 x 6 



lUnit 

3000 Watt-hrs. 
3000 -3 Unit 



1000 
3 Unit of energy is spent by using 500 watts lamp for 6 hours. 

Example 3 

In a 1 00 V circuit the current is 4 A 
Calculate 



(1) Resistance 


(2) 


P ower (3 ) Energy for 3 ( 


Solution 






Current (I) 


= 


4 Ampere 


Voltage (V) 


= 


100 V 


Time (t) 


= 


30Min. 


According to Ohm's Law 


R 


— 


V 
I 


1) Resistance 


' 


100 = 25 Q 
4 


2) Power (P) 


= 


VI 




= 


100x4 watts 


3) Energy (P) 


= 


400 W 


t 


= 


30min. = 0.5hrs 


Energy 


= 


400x0.5 watt-hrs 
1000 




= 


0.2 Unit 



Example 4 

In a factory the following appliance are in operation 

1 . 2 HP Motor 3 hours daily. 

2. 1 00 W lamp 1 2 hour daily. 
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3 . 1 000 w heater, 3 hours daily. 

Calculate the cost for energy consumed. (1 Unit cost = Rs. 4.00) in a month consisting of 30 days. 
Solution 

1 . The energy for 2 HP motor 3 hours daily 

Energy - 746 x 2 x 3 

1000 

4.476 kWh 

2 . 1 00 W lamp 1 2 hours for daily 
Energy = lOOx 12 

1000 
1.2 kWh 

3. 1 000 W Heater 3hours daily 
Energy - 1000x3 

1000 
for 30 days total unit is 

= (4.476 +1.2 + 3) x 30 

= 8.676x30 

- 260.28 kwh 
Total cost for 30 days 

-260.28x4.00 

-Rs. 1041.12 
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WORKED EXAMPLES 

Example 1 

Find the current in the 2 Q resistor path CF. 

Solution 

Mark the current in various Branches as shown fig. As there are two unknown quantities I and I 
two equations have to be formed by considering two closed circuits of loops. 




LoopABCFA 

30 - 21, - 2(1, + I 2 ) = 



or 41, + 21, 


= 3 


LoopABCDEFA 




30 - 2I : + 4I 2 - 35 


= 


211-41, 


= 5 



<D 



-© 



i 35V 



Multiply eq ( 1 ) by 2 and then add it to eq (2) we get 

101, -55 

I, =5.5A 

Substituting the value of I, in eq ( 1 ) we get 

22 + 2I 2 - 30 
I 2 = 4A 

Current in 2 £2 resistor = 5.5 + 4 = 9.5 A 

Example 2 

Fhree resistors of 1 ohm, 2 ohm and 3 ohm are connected in series across a 12 V battery. 
Calculate the voltage drop across each resistor and also determine the power dissipated in each resistor. 
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Given data : 

R, = 1Q 
R, = 2^ 
R 3 = 3Q 
V = 12 volts 
To find : 

a) Voltage drop across each resistor (V p V 2 , V ) 

b) Power dissipated in each resistor (P p P 2 , P 3 ) 
Solution : In series circuit 



R t - R, + R 7 + R 3 = 1 + 2 + 3 = 6 ohm 



R, = 1Q R ? = 2Q R^jfi 



12V 



1 = 



V 



12 



= 2A 



a) Voltage drop across 1 W resistor (V,) = I R 1 = 2 x 1 = 2 volts 
Voltage drop across 2W resistor (V 2 ) = IR 2 = ; 2x2= ; 4 volts 
Voltage drop across 3 W resistor (V 3 ) = I R 3 = 2x3^6 volts 

b) Power dissipated in the 1 W resistor (P ) = l 2 R { = (2) 2 x 1 = 4 watts 
Power dissipated in the 2 W resistor (P,) = I 2 R^ = (2) 2 x 2 = 8 watts 
Power dissipated in the 3 W resistor (P 3 ) = PR 3 = (2) 2 x 3 = 1 2 watts 

Example 3 

A lamp has a noted voltage 1 1 OV and hot resistance 55 ohms. Find the value of series 
resistance required to operate the lamp from a 220V supply. 



Current through lamp 

55 
Voltage across R 

= 220-110=110V 

Series resistance required to operate at 220V mains. 

-110- =55n 



R 



10V 



/o\. 



110V 



64- 



220V 



■+-t> 
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Example 4 

Three resistors 4Q, 6Q and 8Q are connected in parallel across 36 V DC supply find the 

total resistance and the current through each resistance. 
1111 



R, R, R 2 R, 

- 1 L I 

~ 4 6 8 



1 



13 



R 



24 



24 



.-./? = — = 1.846n 
' 13 



1 A 4 



r F 36 <a 

R 2 6 

A = — = — = 4.5,4 
R, 8 



I, 



4Q 



+ — c 



> 



'. 1, 



6Cl 



•*—L 



m 



^-L 



-o36V o— 
Fig. 



Example 5 

Three resistor 2, 4 and 12 ohms are connected in parallel across a 12 V battery. Find the current 
through each resistors and the battery. Also find the power dissipated in each resistor. 



r ■ ► - 



R =2Q 



I I 2 V 4 " 



-»H > 



t R=12Q 

3 



■*— c 



-o o- 



Fig. 
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Given data : R ( = 2Q, 

R^4Q 

FL = 12Q 

V- 12 volts 
To find : a) Current through each resistor (I , I I 3 ) 

b) Current supplied by the battery (I) 

c) Power dissipated in each resistor (P , P P ) 
Solution : In parallel circuit 



J_-_L J_ J_ 
R, ~ R t + R 2 + R 3 



— = - + - + — i.e., — = 0.833 
R, 2 4 12 R, 



R, 



1 



1 0.833 



= l.lohm 



12 



Current supplied by the battery (I) - — = 1 damps 

a) Current through 2 ohm resistor (I) = — = h^L~^ am n S 

R 2 



V 12 
Current through 4 ohm resistor (I 5 ) = — = — = 3amps 

4 



v tL 4 



V 12 
Current through 1 2 ohm resistor (I,) = — = — = lamps 

3 R 3 12 

b) Current supplied by the battery = Sum of individual branch currents. 

I = (I,+I, + I 3 ) -6 + 3 + 1 = 10 amps 

V 2 (12) 2 

c) Power dissipated in 2 ohm resistor (P ( ) = "T - = ~ = 72watts 

V 2 (12) 2 



Power dissipated in 4 ohm resistor (P 2 ) = ~ - . 



= 36watts 



V 2 _ (12) 2 10 
Power dissipated in 1 2 ohm resistor (P.) = "T" - ~ ~ Awaits 
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Example 6 

Three resistances of values 8Q, 12Q and 24Q. are connected in series. Find the equivalent 
resistance. Also find the equivalent resistance when they are connected in parallel. 

Solution 

Case (1) 



8Q 



12Q 



V 



24a 



Fig. 



Total resistance R 



eq 



R ] +R 2 + R 3 

8+ 12 + 24 = 44Q 



Case (2) 



2 I R=12Q 

* 2 __L 



R , = 8fi 



V- 



j R -24Q 

3 



+— r 



v 

-0 o— 



1 1 1 

= V- 



1 



R,. 



m 



R, R, Rt 



Fig. 



1 1 1 

- + — + — 
8 12 24 



3 + 2 + 1 


6 


24 


24 


. =24/6 = 

eq 


= 4Q 
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Example 7 

A circuit consists of two resistor 3 C2 and 6 Q. are in parallel and the combination is connected 
in series with 8 £1 resistor. Calculate the equivalent resistance and current drawn from 100 volts supply 



^1^2 



Solution 

Parallel resistance Rp = u , D 

3X6 _ 

3 + 6 



2D. 



Req = R p + R 3 = 2+8 = 10Q 

3il 









8Q 












60 










U 




K 












100V 



V 100 



Current drawn from the supply = n ^q 



Fig. 
= 10.4 



Current in 3 Q resistor = 1 Ojc 



2D. 



6 + 3 



6<t— 



100V 



6.67,4 



8H 



-♦6 



ion 



<k- 



100V 



Fig. 



Current in 6Q resistor =l0x 



6 + : 



= 3.33.4 



Current in 8C2 resistor = 1 A 

Example 8 

' A resistor R is connected in series with a parallel circuit comprises of two resistance of 1 2 
ohm and 8 ohm. The total power dissipated in the circuit is 70 watts when the applied voltage is 20 
volts. Calculate the value of R. 
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Given : Total power (P) = 70 watts 
Find : Value of R 



R 



64- 



6+- 



R 



R„=l2fi 



> 



Rr=sn 



20 Volts 



-» 



R„=4.80 



20 Volts 



Solution Rt = 



V 2 (20) 2 



Fig. 



70 



= 5.714ohms 



R 



R } R 2 12 + 8 



1 1 

+ 



— = 0.0833 + 0.125 



N2 



J^ 
X 



= 0.2083 



it 



1 



12 



0.2083 



= 4.8o/?m,s 



R t -R + R 12 



R = R T -R 12 



= 5.714 -4.8 = 0.914 ohms 

Example 9 

A current of 1 5 amp flows through two ammeters A and B j oined in series. The voltage drop 
across 'A' is 0. 1 5 V and across 'B' is 0.3V. Findhow some current will divide between Aand B. when 
they are connected in parallel. 
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Given 




Fig. 

Find : When they are connected in parallel, same current will divide between A& B i.e., I and I E 
Solution: RA = -*- = - — 
= 0.01 ohms 



R„=<^- 03 



15 



= 0.02Q 



1 1 



&AB R A R B 



1 



1 



0.01 0.02 



100 + 50 



R 



150 



AB 



R 



AB 



150 



= 6.6667 xlO 



I a = 



V 0.1 



R A 0.01 



10 amps 



V = IR 



AB 



15 x 6.6667 x 10" 3 = 0.1V 



V 



0.1 



R B 0.02 



5 amps 



Example 10 

A resistor of 1 ohms is connected in series with two resistance each of 1 5 ohms arranged in 
parallel. What resistance must be shunted across this combination so that total current taken shall be 
1 .5 amps 20 V applied? 



56 



R=\oa 



frl'SA 



Find : The value of R 

1 



Solution : 

1 1 



R 



R 



+ 



R 3 



f - 



R^i so- 



ft 

1 h 

20Vblte 



= — +— = 0.667 + 0.0667 
15 15 



Fig. 



R 



0.1334 



23 



A 23 — 



1 

0.1334 



= 7. 5 ohms 



.'. ^73 — 1 "^ ^?3 

= 10 + 7.5 = 17 .5 ohms 
V 20 



R 23 17.5 



1 .143 «m/?5 



= 1.5-1.143 = 0.357 amps 
20 



« = il 



/ 2 0.357 
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Example 11 

A 1 1 0V 60 W lamp is connected in series with another lamp rated 1 1 0V, 1 00W across 220V mains. 
Calculate the value of resistance to be shunted across the first lamp so that both lamp take their rated 
power. 

Given : Lamp 1 (L^: P, = 60 W; V, = 1 10V 

Lamp 2 (L 2 ): P 2 - 100 W; V, = 110V 

V- 220 volts 
Find : The value of shunting resistance across the first lamp (R ) 
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60W L, 



100W L 



>__ 


— — "ScF 

Ish Rsh 


I ► 

R 


itf— 

110 V 




Ui i — I 


110V 






(V,) 


(V 2 ) 






220 Volts (V) 







Solution : 




_ P 2 100 

2 ~ V 2 "110 


= 0.909 amps 


7 _ ^, _ 60 _ 

1 F, 110 


■ 0.545 amps 


I -I -I 





Fig. 



0.909 - 0.5454 = 0.3636 amps 



R 



V, 



110 



I xh 0.3636 



= 302.5 ohms 



Example 12 

Two resistors of 1000 ohm and 4000 ohm are connected in series across a constant voltage 
supply of 250v. Find the p.d. across each. If a voltmeter of 1 2000 ohm resistance is connected across 
the larger resistors, what is the reading on the meter. 



R,=1000O R : =4000O 



250 Volts 



*J "4 



R^ioooa 


R ,=4000*3 








, 


j 






fV 12000(3 


I — | f—J 


250 

U 


Voits 


— k. 



Given : 

Find: i)a)V, b)V, 

ii) Voltmeter reading (V,) 



Fig. 
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Solution :i)R T = R,+R 2 



= 1000 + 4000 = 5000 ohms 

I - — = = 0.05amps 

R T 5000 



V, = I x K x = 0.05 x 1 000 = 50 volts 



V 2 = I x Rj = 0.05 x 4000 - 200 volts 
ii) 



1 _ 1 1 

R 2y R 2 R v 




1 

= +- 


1 



4000 12000 





— = 2.5X1 0" 4 +8.333X10~ 5 




1 =3.3333X10" 4 

&2V 




R — — ^OOQnhm? 




3.3333X10" 4 


Rj. 


= R . +R 2V 




= 1000 + 3000 




= 4000 ohms 


New 


V 250 nn „ c 

- — = = Q.Q625amps 

R T 4000 


V2 


= L , x R, v 

New 2 V 



= 0.0625 x 3000 = 1 87.5 volts 
Example 13 

Determine the currents in different branches of the circuit shown in Fig. 
Find : Currents in the different branches of the circuit (I,, I 2 , 1, + 1 2 ) 
Solution : Closed loop ABEFA 

31, + 20(1, + I,) -100 = 

3I 1 +20I,+20I 2 =100 

23I ] +20I 2 =100 
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Closed loop CBEDC 

4I 2 + 20(1, + I 2 ) - 1 10 = 

= 110 

-110 



4I 2 + 201, + 201, 



20I 2 + 24I 2 



3n 



100V -i: 



20n 



-±M10V 



100V 




Kt" 



-ir110V 



Fig. 





23 20 




20 24 


A = 


23 20 
20 24 


\ = 


100 20 
110 24 


A 2 = 


23 100 
20 110 



/, 



100 
110 



- (23X24) -(20X20) = 152 
= (1 00X24) - (20X1 1 0) = 200 
=(23X1 00) -(100X20) = 530 



7] = A. = 222 = l3 l5A 

A 152 



,,=^ = "2 = 3.486,1 

2 A 132 
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Current through 20 Q resistor = I, + 1, = 1 .3 15 + 3.486 - 4.801 A 
Current through 3 W resistor (AB) (I,)- 1.314 A 
Current through 4 W resistor (CB) (I 7 ) - 3 .486 A 
Current through 20 W resistor (BE) (I, + 1 2 ) = 4. 80 1 A 
Example 14 

Using KirchofT's laws, determine the currents in the unbalanced bridge circuit shown in Fi^ 

B 

m 




Find : Currents in the unbalanced bridge circuit. 
Solution : Closed loop ABD A 




2V 1« 



Fig. 



Assume direction 



Ij + 5I 3 - 4I 2 = 
I, - 4I 2 + 5I 3 - 
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Closed loop BCDB Fig. 
2(I ] -I 3 )-3(I 2 + I 3 )-5I 1 = 



21 - 2L - 31, - 3L - 51, = 

l 3 2 3 .-> 




21, - 3I 2 - 10I 3 =0 




Closed loop ABC A Fig. 




i, + 2(i ] - y + (i, + 1 2 ) - 2 


= 


I, + 21, - 2I 3 + I, + I 2 


= 2 


41, + I 2 - 2I 3 


= 2 





1 -4 5 




A 







2 -3 -10 




'2 


= 





4 1 -2 




/ 3 




2 



A = 



1 -4 5 

2 -3 -10 
4 1 -2 



A, 



A. 



A 3 = 



0-4 5 

-3 -10 
2 1 -2 

1 5 

2 -10 

4 2-2 

1 -4 
2-3 

4 1 -2 



= l(6+10) + 4(-4+40)+5(2+12) 
= 16 + 144+ 70=230 

= 0(6 + 10) + 4(0 + 20) + 5 (0 + 6) 

= 80 + 30= 110 

:l(0+20) + 0(-4+40)+5(4 + 0) = 20+20 = 40 



= l(-6 + 0) + 4(4 + 0) + 0(2 + 12) = - 6 + 16 = 10 



A - U0 =0.4782^ 



/, = =^ = 



L = 



A 


230 


*3. 
A 


40 
230 


A^ 


in 

1 VJ 



230 



0.174,4 



= 0.43 ^ 
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Current through 1Q resistor (AB) I, 
Current through 2 Q resistor (BC) (l } - 1,) 

Current through 3Q resistor (CD) (L, + 1 ) 



0.4782 A 
0.4782-0.043 

0.4352 A 
0.174 + 0.043 
0.2 17A 



Current through 4 Qresistor (DA) (I 2 ) 
Current through the battery (l ] + 1 2 ) 



0.1 74A 

0.4782 + 0.174 

0.6522A 
Example 15 

1 . Determine the currents in different branches of the circuit as shown in fig. 



4**- 1% 



(Oov 




-r- HOV 



To find : Find the currents in the different branches of the circuit (I,, I 2 , 1, + 1 2 ) 

Solution 

Closed loop ABEFA 

31. +20(1.+ I,) -100=0 



31, + 201, + 20I 2 



31, + 20L 



-100 
= 100 



Closed loop CBEDC 

4I 2 + 20(I, + I 2 )-H0=0 



4I 2 + 201, + 20I 3 
201, + 24I 2 



= 110 
= 110 



A = 



23 
20 



20 
24 



/, 



A, 



23 20 
20 24 



100 
110 



100 20 
110 24 



(23X24) -(20X20) 

-552-400=152 
A = 152 



= (100X24) - (110X20) 
= 2400 - 2200 = 200 



A, 



200 



A2 = 



23 100 
20 110 



= (23X110) -(20X100) 

-2530-200 = 530 . 
= 530 



— = — ~ 1 .315 Amps 
A 152 



7,=-^-= — = 3AB6Amps 



152 



7,+7 2 =1.315 + 3.486 = 4.801^^5 

Current through 3fi Resistor (l { ) =1.315 Amps 
Current through AQ. Resistor (I 2 ) = 3.486 Amps 
Current through 20D Resistor (I, + 1,) = 4.801 Amps 
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Example 16 

Using KIrchoffs law determine the currents in the unbalanced bridge circuit shown in Fig. 




ir t3AVS.>) 



Fig. 

To Find : Determine the current in the unbalanced bridge circuit. 
Solution 

Closed loop ABDA 

I, + 5I 3 -41,-0 



Ij - 4I 2 + 5I 3 = 



Closed loop BCDB 
2(I ] -I 3 )-3(I 2 + I 3 )-5I 3 = 



21, - 2I 3 - 3I 2 - 3I 3 - 5I 3 = 



2L-3L-10L, = 

1 2 .i 



Closed loop ABC A 

I, + 2(I 1 -I 3 ) + (I ] +I 2 )-2 = 
I 1 + 2I 1 -2I 3 + I,-+I 2 -2 



4I 1 +I 2 -2I 3 = 2 
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A = 



1 -4 5 

2 -3 -10 
4 1 -2 

1 -4 5 

2 -3 -10 
4 1 -2 





'■ 









A 


= 







A 




2 





-3 


-10 




2 


-10 




2 -3 


= 1 






+ 4 






+ 5 






1 


-2 




4 


-2 




4 1 



= 1 (6 + 10) + 4 (-4 + 40) + 5 ( 2 + 12) 
= 16+ 144 + 70 
= 230 



A, = 



A, = 



0-4 5 
-3 -10 

2 1 -2 



= 



3 


-10 


+ 4 





-10 


+ 5 





-3 


1 


-2 




2 


-2 




2 


1 



1 5 







-10 




2 -10 


= 1 


2 


-2 


- 


4 2-2 











0(6+ 10) + 4(0 + 20) + 5(0 + 6) 
= + 80+30 
= 110 

2 
4 

- 1 (0 + 20)- (-4 + 40) + 5 (4 + 0) 

= 20 + + 20 = 40 



10 


2 







+ 5 




2 


2 


2 



1 -4 
2-3 

4 1 2 





-3 




2 







2 


-3 


= 1 




+ 4 






+ 








1 2 




4 


2 




4 


1 



'i 


A 


no 

= = 0A78Amps 

230 


h 


= ^_ 


40 
= = 0.174 Amps 



1 (-6 + 0) + 4 (4 + 0) + 0(2 +12) 
-6+16 + 0=10 



230 



A 230 
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Current through 1 Q Resistor (AB) I, = 0.478 Amps 
Current through 2 CI Resistor (BC) (I, I 3 ) - 0.478 - 0.043 = 0.435 Amps 
Current through 3 Q Resistor (CD) (I 2 + 1 3 ) = 0. 1 74 + 0.043 = 0.2 1 7 Amps 
Current through 4 Q Resistor (DA) (I 2 ) = 0. 1 74 Amps 
Current through the battery (I, + 1 2 ) = 0.478 + 0. 1 74 

-0.652 Amps 
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Questions 

Part -A 

I. Choose the Correct Answer 

1) The Unit of Resistance is 

a) Joule b) Ohm c) Ampere 

2) The value of Resi stance measured by, 

a) Voltmeter b) Wattmeter c) Ohmmeter 

3) The EME induced in a conductors measured in, 

a) Ohm b) Watts c)Volt 

4) One Kilo ohm is equal to 

a) 10 3 f2 b)10 6 Q c)10 2 Q 

5) The unit of power is, 

a) Farad b) Volt c) watts 

6) In series circuit has, 

a) two path b) Three path c) One path 

7) According to ohm's law R is equal to, 

a)V 2 /R b)PR c)V/I 

Part-B 

II. Answer the following questions in one word 

1 ) What is the unit of current? 

2) What is the unit of EMF? 

3) What is the unit of Resistance? 

4) What is the unit of Capacitor? 

5) Which letter used for specific Resistance? 

6) If you add more resistance in series will the current increase? 

7) All the appliance connected in your home are in series (or) in parallel? 

8) How many laws are these in Kxichoff ' s law? 



d) Watts 

d) None of these. 

d) ampere. 

d)ion 

d) Hertz 

d) none of these. 

d)VI 
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Part-C 

III. Answer the following questions in briefly 

1) What is Voltage? 

2) What is Resistance? 

3) State the ohm's law. 

4) What is open circuit? 

5) How you can calculate the power consumed in circuit? 

6) The supply voltage of the circuit 240 volts and the resistance value is 60Q. calculate the current 
flowing througthe circuit? 

7) Power of heating element 1 000 watts, the voltage applied is 240 volt, calculate the current? 

8) 2Q, 6Q., 8Q resistors are connected in series calculate the total resistance? 

Part-D 

IV. Answer the following questions in one page level 

1 ) Explain the Krichoff 's Law with neat diagram? 

2) Write the condition of series circuit? 

3) Write the condition of parellel Circuit? 

4) 3 Q.1 6Q.1 1 2Q. Resistors are connected in parallel supply voltage in 240 volt, calculate the total 
resistance and current? 

Part-E 

V. Answer the following questions in two page level 

1 . Calculate the current in each resistant using Krichoff's law. 



A. Xi 



ion 



loov/^r 



I I I I n ■ ■ li I ■■ I i 



-~ tZl 



15 

B **■ ■ i f ' 1 liliMhl III' 

r X t 




\ 2Q. 



n 



ho 



JP 
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2. Calculate the current flow through each resistance of above wheat stone bridge circuit. 




ir t3\**0 



2v 



3) The following electrical appliances are working in a factory, 

a) 1 00 Walts, power of 40 lamps each working 8 hours in a day, 

b) 1 500 watts heater working 6 hours per day 

c) 85% efficiency of 3 HP motor working 5 hours per day. 

The charge of one units 4.00 calculate the electric bill for 30 days? 
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4. ELECTRO MAGNETISM 



4.1. INTRODUCION 



Magnetism plays an important role in electricity. Electrical appliances like Generator, Motor, 
Measuring instruments and Transformer are based on the electromagnetic principle and also the important 
components of Television, Radio and Aeroplane are working on the same principle. 

4.1.1. Magnetic Material 

Magnetic materials are classified based on the property called permeability as 

1 . Dia Magnetic Materials 

2. Para Magnetic Materials 

3 . Ferro Magnetic Materials 

1. Dia Magnetic Materials 

The materials whose permeability is below unity are called Dia magnetic materials. They are repled 
by magnet. 

Ex. Lead, gold, copper, glass, mercury 

2. Para Magnetic Materials 

The materials with pemieability above unity are called para magnetic materials. The force of attraction 
by a magnet towards these materials is low. 

Ex. : Copper Sulphate, Oxygen, Platinum, Aluminium. 

3. Ferro Magnetic Materials 

The materials with permeability thousands of times more than that of paramagnetic materials are 
called ferro magnetic materials . They are very much attracted by the magnet. 

Ex. Iron, Cobalt, Nickel. 

4.2. PERMANENT MAGNET 

Permanent magnet means, the magnetic materials which will retain the magnetic property at all 
times permanently. This type of magnets are manufactured by aluminium, nickel, iron, cobalt steel 
(ALNICO). 

To make a permanent magnet a coil is wound over a magnetic material and DC supply is passed 
through the coil. 

4.2.1. Electro Magnet 

Insulated wire wound on a bobbin in many turns and layers in which current is flowing and a soft 
iron piece placed in the bobbin is called electromagnet. 
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N 



VV UW/ , 1 



-t 



Supply 



-f _ 



Fig. 4.2.1. 

This is used in all electrical machines, transformers, electric bells. It is also used in a machine used 
by doctors to pull out iron filing from eyes, etc. 

4.3. MAGNETIC EFFECT BY ELECTRIC CURRENT 



P 









it -- ^ 

r s - * 






1 \ s - / ; 






Fig. 4.3. 

If current passes through a conductor magnetic field is set up around the conductor. The quantity 
of the magnetic field is proportion to the current. 

The direction of the magnetic field is found by right hand rule or max well 's corkscrew rule. 

4.4. RIGHT HAND RULE 

: CD 





Fig. 4.4 
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This rule is used to know the direction of magnetic field when the current passes through the 
conductor. 

According to this rule 

Flemings right hand rule states that, if we spread out thumb fore finger and middle finger mutually 
at right angles to each others and the thumb points to the directions of motion of the conductor and the 
forfmger points the direction of magnetio flux, then the middle finger gives the direction of induced 
EMF. 

4.5. MAXWELLS CORK SCREW RULE 




Fig. 4.5. 

This rule also used to know the direction of magnetic field when a current passes through a conductor. 
According to this rule a right handed screw is held with the axis of the conductor to advance in the 
direction of current when screwed. Then the rotating direction of the head of the screw indicates the 
direction of magnetic field. 

4.6. PERMEABILITY 

The permeability of a magnetic material is defined as the ratio of flux created in that maerial to the 
flux created in air, provided that mmf and dimensions of the magnetic circuit remain the same. It's 
symbol is u. and 

p = B/H 

where B is the flux density 

H is the magnetising force : 

Being a ratio it has no unit and it is expressed as a mere number. The permeability of air u. air = 
unity. The relative permeability u.r of iron and steel ranges from 50 to 2000. The permeability of a given 
material varies with its flux density. 

4.6.1. Magnetic Field 

The space around a magnet in which the influence of the magnet can be detected is called the 
magnetic field. 

4.6.2. Magnetic Lines 

Magnetic lines of force (flux) are assumed to be continous loops, the flux lines continuing on 
through the magnet. They do not stop at the poles. 
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4.6.3. Magnetic Flux 

The magnetic flux in a magnetic circuit is equal to the total number of lines existing on the cross- 
section of the magnetic core at right angle to the direction of the flux. Its symbol is <j) and the SI unit is 
weber. 



* ; 


= NI 

S 






= NIau, 

t 


P 


where 




* 




- total flux 


N 




- number of turns 


I 




- current in amperes 


S 




- reluctance 


^0 




- permeability of free space 


^ 




- relative permeability 


a 




- magnetic path cross-sectional area in m 2 


I 




- lengh of magnetic path in metres 


4.6.4. Magnetic field strengh 



This is also known sometimes as field intensity, magnetic intensity or magnetic field, and is represented 
by the letter H. Its unit is ampere turns per metre. 

MMF = NI 

Length of coil in metres I 



4.6.5. Flux density 

The total number of lines of force per square metre of the cross-sectional area of the magnetic 
core is called flux density, and is represented by the symbol B. Its SI unit (in the MKS system) is tesla 
(weber per metre square). 

B = JL Weber / m 2 
A 

where § total flux in webers 

A - area of the core in square metres 

B - flux density in weber/metre square. 
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4.6.6. Magneto - Motive Force 

The amount of flux density set up in the core is dependent upon five factors - the current, number 
of turns, material of the magnetic core, length of core and the cross-sectional area of the core. More 
current and the more turns of wire we use, the greater will be the magnetising effect. We call this 
product of the turns and current the magneto motive force (mmfj, similar to the electro motive force 
(emf). 

MMF = NI ampere - turns 

where mmf - is the magnetomotive force in ampere turns 

N - is the number of turns wrapped on the core 

I - is the current in the coil, in amperes, A. 

4.6.7. Magnetic Reluctance 

In the magnetic circuit there is something analogous to electrical resistance, and is called reluctance, 
(symbol S). The total flux is inversely proportional to the reluctance and so if we denote mmf by ampere 
turns, we can write 

A= Nl t 
t where § is flux, and relutance S = 

where S - reluctance 

I - length of the magnetic path in metres 

p o - permeability of free space 

p. - relative permeability 

a - cross-sectional area of the magnetic path in sq.mm. 

Its unit of reluctance is ampere turns/Wb. 
4.7. Comparison between magnetic and Electic circuit 



S.No. 


Electric Circuit 




Magnetic Circuit 


1. 


Electro motive force in volt (unit) 


Magnetic motive force in ampere turns (unit) 


2. 


Current in ampere (I) 




Flux in webers (((>) 


3. 


Resistance R = p/ / a 




Reluctance in At/wb S = 1 /au 


4. 


Conductivity = 1 

Resistivity 




Permability = 1 




Reluctivity 


5. 


Conductance = 1 




Pemeance = 1 




Resistance 


Reluctance 
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6. 



Current I = EMF 



Resistance 

7. Resistivity 

8. Current density 

4.8.1. Residual Magnetism 



Flux = 

Reluctivity 
Flux density 



MMF 



Reluctance 



It is the magnetism which remains in a material when the effective magnetizing force has been 
reduced to zero. 

4.8.2. Magnetic Saturation 

The limit beyond which the strength of a magnet cannot be increased is called magnetic saturation. 
4.9. SOLENOID 




A helically wound coil that is made to produce a strong magnetic field is called a solenoid. The flux 
lines in a solenoid act in the same way as in a magnet. They leave the North pole to go around to the 
south pole when a solenoid attracts an iron bar. It will draw the bar inside the coil. 

4.9.1. END RULE 

According to this rule the current direction when looked from one end of the coil is in clock wise 
direction then that end is south pole. If the current direction is in anti clock wise direction then that end 
is north pole. 

4.9.2. Force between two parallel conductor 
Current in the same direction 



Fig. 4.9.2. 
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If two conductors are placed parallel to each other and they carry current in the same direction, 
then the magnetic field setup by the conductors oppose each other. So the field strength between the 
conductor decreases. Hence the conductors attract each other when the current is the same direction 
through both the conductors. 

Current Opposite direction 





Fig. 4.9.2.a. 

If two conductors are placed parallel to each other and the current in the conductors are in opposite 
directions then the magnetic field setup by the conductors repel each other. So, the field strength between 
the conductor is increased. Hence the conductors repel each other when the current is in oppositve 
directions. 

4.10. ELECTRO MAGNETIC INDUCTION 

Electro magnetic induction means the electricity induced by the magnetic field 

4.10.1. Faraday's Laws of Electro Magnetic Induction 

There are two laws of Faraday 's laws of electro magnetic induction. They are, 
1 ) First Law 2) Second Law 

First Law 

Whenever a conductor cuts the magnetic flux lines an emf is induced in the conductor. 
Second Law 

The magnitude of the induced emf is equal to the rate of change of flux-linkages. 

4.10.2. Induced Electro Motive force 

Induced electro motive forces are of two types. They are, 
i) Dynamically induced emf. 
ii) Statically induced emf. 
Dynamically induced EMF 

Dynamically induced emf means an emf induced in a conductor when the conductor moves across 

a magnetic field. The figure shows when a conductor 'A' with the length 'L' moves across a 'B' wb/m 2 . 

77 



Flux density with ' V velocity, then the dynamically induced emf is induced in the conductor. This 
induced emf is utilised in the generator. 

The quantity of the emf can be calculated using the equation 

emf=BlvVolt 



» 

a 



Fig. 4.10.2. 
4.10.3. FLEMING'S RIGHT HAND RULE 

This rule is used to find out the direction of dynamically induced emf. 

According to the rule hold out the right hand with the Index finger middle finger and thumb at the 
right angels to each others. 

If the index finger represents the direction of the lines of flux, the thumb points in the direction of 
motion then middle finger points in the direction of induced current. 

/ Direction of motion 
' ' of conductor 



Direction of 
Field 



Direction of 
induced EMF 




Fig. 4.10.3. 
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4.11. STATICALLY INDUCED EMF 

Statically Induced emf is of two types. They are 

1 . Self induced emf. 

2. Mutually induced emf, 

4.11.1. SELF INDUCTION 

Self induction is that phenomenan where by a change in the current in a conductor induces an emf 
in the conductor itself, i.e. when a conductor is given current, flux will be produced, and if the current is 
changed the flux also changes, as per Faraday's law when there is a change of flux, an emf will be 
induced. This is called self induction. The induced emf will be always opposite in direction to the 
applied emf. The opposing emf thus produced is called the counter emf of self induction. 
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Rheostat 



Supply 

Fig. 4.11.1. 



Uses of Self induction 



1 . In the fluorescent tubes for starting purpose and to reduce the voltage. 

2 . In regulators, to give reduced voltage to the fans. 

3. In lightning arrester. 

4 . In auto- transformers. 

5 . In smooth choke which is used in welding plant. 

6. In rectifiers to keep are stationary. 

4.11.2. Mutual Induction 

It is the electromagnetic induction produced by one circuit in the near by second circuits due to the 
variable flux of the first circuit cutting the conductor of the second circuit, that means when two coils or 
circuits are kept near to each other and if current is given to one circuit and it is changed, the flux 
produced due to that current which is linking both the coils or circuits cuts both the coils, an emf will be 
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produced in both the circuits. The production of emf in second coil is due to the variation of current in 
first coil known as mutual induction. 

Iron Core 



1^^* 



Voltmeter 




Fig. 4.11.2. 



Uses: 



1 . It is used in ignition coil which is used in motor car. 

2. It is also used in inductance furnace. 

3 . It is used for the principle of transformer 

4.11.3. Len's Law 

When an emf is induced in a circuit electromagnetically the current set up always opposes the 
motion or change in current which produces it. 

Eddy current 

When the armature with conductors rotates in the magnetic field and cuts the magnetic lines, an 
emf will be induced in the conductors. As the armature is made of a metal and metal being a conductor, 
emf will be induced in that metal also and circulate the current called eddy current. These current 
produces some effects which can be utilized. 

This current are also called as Focault current. 

Methods of Minimising Eddy Current 

Eddy current always tends to flow at the right angles to the direction of the flux, if the resistance of 
the path is increased by laminating the cores. The power loss can be reduced because the eddy current 
loss varies as the square of the thickness of the laminations. 

4.12. MAGNETIC HYSTERESIS 

It may be defined as the lagging of magnetisation or Induction flux density (B) behind the 
magnetising force (H). It may also be defined as a quality of a magnetic substance due to which energy 
is dissipated in it on the reversal of its magnetism. 
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Variable Resistance 



Switch Battery 




Fig. 4.12. 



Hysteresis Loop 



Let us take an unmagnetised bar of iron AB and magnetise in by placing it within the magnetising 
field of a solenoid (H). The Field can be increased or decreased by increasing or decreasing current 
through it. Let 'H ! be increased in step from zero up to a certin maximum value and the corresponding 
of induction flux density (B) is noted. If we plot the relation between H and B, a curve like OA, as 
shown in fig, is obtained. The material becomes magnetically saturated at H = OM and has, at that time, 
a maximum flux density, established through it. 

If H is now decreased gradually (by decreasing solenoid current) flux density B will not decrease 
along AO (as might be expected) but will decrease less rapidly along AC. When it is Zero B is not zero, 
but has a definite value = OC. It means that on removing the magnetising force H, the iron bar is not 
completely demagnetised. This value of B (=OC) is called the residual flux density. 

To demagnetise the iron bar we have to apply the magnetising force H in the reverse direction. 
When H is reversed by reversing current through the solenoid, then B is reduced to Zero at pointD 
where H = OD. This value of H required to wipe off residual magnetism is known as coercive force and 
is a measure of the coercivity of materials i.e. its 'tenacity' with which it holds onto its magnetism. 

After the magnetisation has been reduced to zero value of H is further increased in the negative i.e. 
reverse direction, the iron bar again reaches a state of magnetic saturation represented by point E. By 
taking H back from its value corresponding to negative saturation (=OL) to its value for positive saturation 
(=OM), a similar curve EFGAis obtained. If we again start from Q the same curve GACDEFG is 
obtained once again. 

It is seen that B always lags behind H the two never attain zero value simultaneously. This lagging 
of B, behind H is given the name Hysteresis' which literally means 'to lag behind. ' The closed loop 
ACDEFGA, which is obtained when iron bar is taken through one complete cycle of revesal of 
magnetisation is known as Hysteresis loop. 
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Energy stored in a magnetic field 

For establishing a magnetic field, energy must be spent, though to energy is required to maintain it. 
Take the example of the exciting coils of an electromagnet. The energy supplied to it is spent in two 
ways, (1) Part of it goes to meet PR loss and is lost once for all (ii) part of it goes to create flux and is 
stored in the magnetic field as potential energy, and is similar to the potential energy of araised weight, 
when a mass M is raised through a height of H, the potential energy stored in it is mgh. Work is done in 
raising this mass, but once raised to a certain height. No further expenditure of energy is required to 
maintain it at that position. This mechanical potential energy can be recovered so can be electric energy 
stored in a magnetic field. 

When current through an inductive coil is gradually changed from Zero to a maximu, value then 
every change of its is opposed by the self-induced emf. produced due to this change. Energy is needed 
to over come this opposition. This energy is stored in the magnetic field of the coil and is, later on, 
recovered when those field collapse. 

Questions 
PartA 
I. Choose the Correct Answer 

1 ) Ferro magnetic substance are 

a) Good insulator b) good conductor 

c) the same as that of diamagnetic material d) Strongly attracted by a magnet. 

2) Unit of flux is 

a) Ampere b) Webber c) Watts d) None of these 

3) Para magnetic substance are: 

a) Weakly attracted by a magnet b) The same as that of dia magnetic meterial . 

c) Weakly repelled by a magnet d) Produced by heating iron above the curie point. 

4) The mmf can be compared with 

a) the force of attraction between two magnetic force 

b) the force of Repulsion between two magnetic force 

c) the force of earth magnetic field. 

d) the electro magnetic force. 

5) The reluctance can be compared with 

a) Conductance b) Inductance c) Resistance d) capacitance 

6) The magnetic flux can be compared with 

a) Electro static flux b) Electric current c) Magnetic current d) Magneto motive force. 

7) A solenoid is defined as an electromagnet, 

a) having only one turn b) having more axial length than diameter 

c) Less axial length than diameter d) having more resistance. 
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Part - B 

II. Answer the following questions in one word 

1 ) What are the types of magnet? 

2) How many poles are their in a magnet? 

3) What is the unit of magnetic flux? 

4) What is the unit of Reluctance? 

5) If the direction of current in the two conductors is same which force they will experience? 

6) If the direction of current in the two conductor is in opposite direction which type of force is 
resulted? 

7) What is B denotes in Electro magnetism? 

Part-C 

III. Answer the following questions in briefly 

1) What are the kinds of magnetic meterials? 

2) Define Flemings right hand rule? 

3) Define lenz's Law? 

4) Define Faradays Law? 

5) Define maxwell cork's screw rule? 

6) What is magnetic repulsion? 

Part - D 

IV. Answer the following questions in one page level 

1 ) Exp] ain magnetic materials? 

2) Compare electrical circuit and magnetic circuit? 

3) Explain - Solenoid with neat sketch. 

Part-E 

V. Answer the following questions in two page level 

1 ) Explain magnetic Hysteresis? 

2) Explain the type of Electromagnetic induction with neat diagram? 
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5. ELECTRICAL EFFECTS 



5.1. INTRODUCTION 

Electricity is used in different ways for different purpose. Depending upon the usage, electricity is 
transformed into different energy. For example. 

i). Electric energy is converted into light energy. Eg. Electric lamps, Tube light. 

ii). Electric energy is converted into sound energy. Eg. Electric bell, Buzzer 

Hi) Electric energy is converted into heat energy. Eg. Heater, Iron box. 

iv) Electric energy is converted into Electromagnetic energy. Eg. Electro magnetic circuit breaker, 
Telegraphic machine. 

v). Electric energy is converted into Electro chemical energy. Eg. Electroplating & Battery Charging. 

vi) Because of Electromagnetic induction principle, it is used in Induction motors and transformers. 

5.2. Electrical energy is converted into light energy, 
Ex:- Incandescent Lamp, Tube light. 

5.2.1. Incandescent lamp 

The filament of this lamp is heated up to the incandescent stage of heat. So this type of lamps 
are called Incandescent lamp. They are two types, 

1 . Vacuum lamp 

2. Gas filled lamp 

Fig. 5.2.1. 

Contact points 
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In this type of lamp the sphere shaped glass cover is used. The glass stem is fixed in the centre of 
lamp. In this stem support wires are fixed for holding the filament. The top of the lamp is sealed and pins 
are fixed for fixing the lamp in the holder. 

Vacuum lamp 

In this lamp the air is evacuated to protect the filament from burning by oxygen mixed in the air 
when heated due to the current that passes through the high resistance filament. The moving electro 
creates friction. So the heat is generated in the filament when the heat rises up to the incandescent stage, 
the light is emitted from the filament. The emitted light is reflected by sphere shape glass cover. 

Gas filed lamp 

In the evacuated lamp, the filament evaporats and deposit on inside of the glass cover afteriong 
use and make black shade on the glass cover. To rectify this disadvantage, inert gasses are filled in this 
lamp. Presence of inert gas causes heat loss to compensate the heat loss, the filament is made as coiled 
coil, Increase in length of the filament leads to the increase in power. 



5.2.2. Tube light 



Fig. 5.2.2. 
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In this type a long glass is used. Inside the glass tube the fluorescent paste is coated. The two end 
of the glass tube is covered and low pressure inert gas and mercury are filled in this tube. The electron 
emitting filaments are fixed at both the ends, one end of each filament is connected though a choke to 
the supply. In this choke there is a coil wound over the core. There is a starter connected between the 
two ends of the filament. In this starter a small glass bulb is fixed, in this bulb inert gas is filled and a bi- 
metallic strip is fixed. 

Working Principle 

This lamp functions based on the principle of current passing through a Air medium. The Air 
medium the resistance falls down heavily. When this current passes to the lamp the circuit is closed 
through choke, filament, and starter. So the 230V supply voltage is applied between the starter terminals 
Due to this voltage, current starts flowing through the inert gas in the starter. Now, the bimetallic strip 
rised touch each other as the temprature of inert gas has increased. Once the circuit is complete through 
the bimetallic strip and the filaments in the tube light the bulb will be glowing. 

The inert gas in the starter cools down and the bimetallic strip open again. Therefore the current 
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through the choke decreases and hence the magnetic flux. The decreasing (or alternating) flux is cut by 
the choeke winding which causes self induced emf in the choke coil. 

The induced emf is near about 1200V. This voltage is applied betweeen the filament of the tube 
light causing electron flow between the filaments and through the inert gas of the tube light. The electron 
collition in to the inert gas produces the ultra violet rays. These rays impinge on the phospher coating, 
and ligh is emitted by the coating. 

After the light started 1 1 0V is enough for the light, the balance 1 20 V voltage of the supply voltage 
is dropped across the choke. 

5.3. ELECTRICAL ENERGY IS CONVERTED INTO SOUND ENERGY 

Ex. Electric bell, Buzzer 
5.3.1. Electric Bell 




Fig. 5.3.1. 

Electrical bell consists of horse shoe type electromagnet. The two coils wound on it in such a way 
as to produce opposite polarity. Soft iron piece called armature completes the magnetic circuit between 
two ends of shoe electromagnet. This armature is carried on a flat steel spring fixed at one end and free 
to move through a small distance at the other end. At the free end spring carries a movable contact. This 
movable contact normally touches the fixed contact which can be adjusted by means of contact screw. 
When push button is pressed, current flows through the electromagnet which gets energized. This 
attracts armature to which is attached to hammer. This makes hammer to hit against gong giving sound. 
Attraction of armature breaks the circuit at contact points and electromagnet gets de-energized. This 
brings back armature to its original closed circuit position under the action of spring. The sequence of 
events repeats and we get interrupted sound of bell. 

5.3.2. Buzzer 

Buzzer in principle is a bell without hammer and gong. Vibration of armature gives out dull noise 
instead of harsh annoying noise of gong incase of electric bell. 
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5.4. ELECTRICAL ENERGY IS CONVERTED INTO ELECTROMAGNET ENERGY. 

Ex : Electrical energy is converted into Magnetic circuit breaker, telegraphic machine. 
5.4.1. Magnetic Circuit Breaker 
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Fig. 5.4.1. 



Battery 



Electric supply is given to the apparatus D from the battery. The conductor A always touches 
terminal P with the help of spring. The electromagnet E attracts conductor A, if the current flow i s 
beyond specified limit. The apparatus isolated from electric supply due to terminal P. If current through 
electromagnet is reduced, attraction also reduces. The conductor A retain its place and operate the 
apparatus. 



5.4.2. TELEGRAPHIC MACHINE 
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Fig. 5.4.2. 

The American scientist Morse found Telegraphic machine. Which is used to send the message 
from one place to another. The machine part sends the message is 'Morse Key' and the machine part 
receives the message is 'Morse Sounder' . 

The battery circuit closes through morse key K and electromagnet M. The lever is placed on the 
electromagnet. The lever touches nail Y due to spring, the electromagnet lever whenever the morse key 
pressed. The lever make a sound on touching nail Y. Whenever the morse key is not pressed, since the 
morse key and more sounder are in different place, one end of the machine is earthed. Earth acts as a 
conductor, we will make a sound in the more sounder on pressing and releasing morse key. Messages 
passes through this sound. 
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5.5. ELECTRICAL ENERGY IS CONVERTED INTO HEART ENERGY 

Ex. Heaters, ironbox 
5.5.1. ELECTRIC HEATERS 



Terminals 




Scale 

Tube 

Heating Element 



Fig. 5.5.1. 

This type of heater is immersed in water. It is cheap and portable. It is made of a chromed iron or 
brass pipe in which a heating element is placed. Around the element there is an insulation so that it may 
not touch the pipe. Full rod has to be replaced when found defective. 

5.5.2. Electric Iron box 

In Iron Box electric is converted into heat energy. The metal casing at the bottom of the iron box 
gets heated and used for ironing. 

Sole Plate 

A soft Iron plate at the bottom gets heated and it is used for ironing clothes. Heating element is 
fixed inside the box. It gets heat and transfers to the sole plate. The sole plate is not connected directly 
to the electric power supply only the heat is transferred from the heating element. 

The handle and other parts are fixed with the plate by welding. The sole plate is finished by suface 
grinding and chromium coating is applied over the plate for smoothness. 

Mica 

The heating element is placed in between the mica sheets. Mica is an insulator and also it can 
withstand high temperature. The asbestos sheetplaced overthe upper. Mica sheet prevents heat transfer 
to the upper portion of the iron box. So, it prevents passeage of current to the handle and to the sole 
plate. 

Heating Element 

Heating element is an alloy with the mixer of Nickel and Chromium. It is fixed inside a mica sheet 
and the two ends are coveniently fixed for giving electric supply. The heating element offers high resistance 
to the flow of current, hence gets heated to a high temprature. It is rolled into few turns for better heating 
results and long life. 
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Pressure plate 

It is heavy iron plate placed over the Asbestos Sheet to apply sufficient pressure on the clothes. It 
is fixed firm with the sole plate with the help of screws. This arrangements holder the healthy element, 
mica and asbestos sheet intact. 

Cover plate 

It act as a cap which covers the bottom and all other parts inside the box. On top of the cover 
plate, handle, thermostat adjustment knob, power socket are fixed. The handle is generally made up of 
bakelite. 

Handle 

Handle is made up of bakelite or ebonite because it offers high resistance to flow current and it can 
withstand more heat. The indicator lamp and power socket are fixed in the handle. 

Non-Automatic Iron Box 

In this type of iron box the heating element transfers the heat to the sole plate continously. After the 
sole plate gets the required heat, we have to disconnect the supply. Then the heat reduces on its own. 
Then again for the required heat we have to switch on the supply. 

5.6. Electrical energy is converted into chemical energy 

Ex : Electro Plating and Battery Changing 

5.7, Electrical energy is converted into Mechanical energy 
Ex: Motor 

5.7.1. DC Motor 

DC Motor converts electrical energy into mechanical energy. It operates only in DC supply. ADC 
machine may be operated either as generator or as motor. DC motor working in Faraday's law of 
Electro magnetic induction, DC motor rotates the director of motion is given by fleming's left hand rule. 
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d) None of these. 
d) Mechanical Energy 



Questions 
Part -A 

I. Choose the Correct Answer 

1 ) Electrical Energy Converted by tube lamp is 
a) Heat energy b) Light energy c) Sound energy 

2) In battery the electrical energy is converted into 
a) heat energy b) Sound energy c) Chemical energy 

3 ) In Electric motor the Electrical Energy is converted into , 

a) Chemical energy b) Mechanical energy c) heat energy d) light energy 

4) hi Iron Box the Electrical energy is converted into 

a) Sound energy b) heat energy c) Mechanical energy d) light energy. 

5) The electric bell working with, 

a) Permanent magnet b) Electro magnet c) Dia magnet 

6) The heating element made of, 
a)Niekrome b)Cromium c)Thongston 

7) . Circuit breaker is working as 

a) Magnetic energy b) Chemical energy c) Sound energy 

Part-B 

II. Answer the following questions in one word 

1 ) Give an example to convert electrical Energy to mechanical energy. 

2) Give an example to convert electrical Energy to chemical energy? 

3) Give an example to convert electrical energy to sound energy? 

4) Is the mica used as a Insulator? 

5) What is the stationary part of motor? 

6) The electro plating depends upon which effect? 

Part-C 

III. Answer the following questions in briefly 
1 ) What are the types of incandecent lamp? 



d) none of these, 
d) Copper 

d) None of these. 



90 



2) What is buzzar? 

3) Write the parts of Iron Box? 

4) What are the types of heating appliances? 

5) What is incandecent lamp? 

Part-D 

IV. Answer the following questions in one page level 

1 ) Draw the neat sketch of incandecent lamp? 

2) Explain magnetic circuit breaker? 

3 ) Explain Electric heater with neat diagram? 

Part-E 

V. Answer the following questions in two page level 

1 ) Explain the working principle of tube lamp? 

2) Explain the working principle of Electric Bell with neat diagram 
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6. CELLS AND BATTERY 

6.1. INTRODUCTION 

Commonly Generators produce electricity at hydroelectric power station. In thermal power station 
the electrical power produced by heat energy, in atomic power station by means of atomic energy, in 
windmills power station by means of wind power the electricity is normally produced. Chemical energy 
is transferred as electrical energy in battery in small scale. 

6.1.1. Cell 

When chemical energy is transferred as electrical energy in batteries, the current flows in outer 
circuit from positive terminal to negative terminal, the electrons from (-) negative terminals to (+) positive 
terminal in inner circuit. These Batteries are classified into two types. 

1 . Primary Cell 

2. Secondary Cell 

6.1.2. Primary Cell 

In primary cell the chemical energy is transferred as electrical energy by chemical reaction. It 
finally reaches a state of discharge when it can no longer deliver current. It can't be recharged again. 
Such a cell generally has to be replaced. 

Primary cells are classified as 

1 . Dry cell 

2. Wet cell (Example : Leclanche cell, Daniel cell) 

6.1.3. Secondary Cell 

In a secondary cell the chemical action taking place to produces electricity when discharging. This 
process is reversed while charging. When the cell is discharging, the chemical energy is transferred as 
electrical energy and taken out. Sending a current through the electrolytes can reverse the condition of 
the electrolyte. Thus the electrodes and the electrolyte are restored to the original condition. This 
process is called 'charging. ' 

Secondary cells are also called as ' Accumlator' and as Storage cell. 

The secondary cells are classified as 

a) Lead Acid cell 

b) Alkaline cell 
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6.1.4. Comparison between Primary cell and Secondary Cell 



S.No. Primary Cell 



1. 



These cells produce electrical 
energy by themselves 

2. After discharging the current it 
cannot be recharged 

3 . In this chemical energy is converted into 
electrical energy 

4. Short life 

5 . Low power output 

6. Low efficiency 

7. Weight less 

8. Low cost 

9 . Less maintenance 

6.2. TYPES OF PRIMARY CELL 

Types 

There are two types in primary cell 1 . Wet cell 2. Dry cell. 

1. Wet cell: 

Under Wet cell, there are few types. They are Volta cell, Daniel cell, Laclanche cell, Bichromate 
cell and Bunsun cell. 

6.2.1. Voltaic Cell 



Secondary Cell 

Electrical Energy is produced only when it 
is fully changed. 

It can be charged and recharged again and 

again 

Electrical energy is converted into chemical 

energy and again the action is reversed. 
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Fig. 6.2.1 
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Volta (1 800) was the first to set up a cell which would give a continuous current. Hence it was 
named (Volta cell) after him. 

Construction 

It consists of a glass vessel with a copper and a zinc plate dipped into a dilute sulphuric acid 
solution. On connecting the two electrodes externally with piece of wire, current flows from copper to 
zinc outside the cell and from zinc to copper inside it. The copper electrode is positive pole or anode of 
the cell and zinc is negative pole or cathode of the cell. The electrolyte is dilute sulphuric acid. 

Working principle 

The electrolyte is dilute sulphuric acid. As the plates are immersed in the acid due to chemical 
reaction hydrogen ions reaches copper and sulphate ions reaches zinc plate. So copper become anode 
and zinc become cathode. If these two terminals are connected by a conductor, current flows. This can 
be seen by the deflection of a galvanometer. EMF of the cell is 1 V. 

Defects 

Local action and polarization are the trouble shooting in the volta cell. 
Defects of a simple cell 

With a simple voltaic cell, the strength of current gradually diminishes after some time. 

- Local action 

- Polarisation 

Local action 

In a simple voltaic cell, bubbles of hydrogen are seen to evolve from the zinc plate even on open 
circuit. This effect is termed local action. This is due to the presence of impurities like carbon, iron, lead, 
etc. in the commercial zinc. This forms small cells on the zinc plate and reduces the strength of current 
of the cell. 

The local action is prevented by amalgamating the zinc plate with mercury. To do so, the zinc plate is 
immersed in dilute sulphuric acid for a short time, and aftewards, mercury is rubbed over its furface. 

Polarisation 

As current flows, bubbles of H 2 evolve the copper plate on which they gradually form a thin layer. 
Due to this the current strengh falls and finally stops altogether. This effect is called the polarisation of 
the cell. 

Polarisation can be prevented by using some chemicals which will oxidize the hydrogen to water 
before it can accumulate on the plate. The chemicals used to remove polarisation are called de-polarisers. 
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6.2.2. Daniel Cell 
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Fig. 6.2.2. 

It is a modification of the simple cell with copper sulphate solution as depolarizer. Instead of 
copperplate a copper vessel which contains the fluid of the cell is used, the vessel itself is being the 
positive pole. The negative pole is an amalgamated zinc rod which stands in a porous pot inside the 
copper vessel. Dilute sulphuric acid is placed in the porous pot. 

The copper sulphate solution contains Cu"^ and S04 ions. This positive ions which are driven on 
to the copper plate are copper ions instead of hydrogen ions and no layer of hydrogen bubbles is 
formed on the surface of the plate and polarization is prevented, when the cell is not in use the porous 
pot and zinc should be removed and emptied. EMF produce is 1 . 1 V. Internal resistance is 2 ohms. 
These cells are used in laboratory. 

6.2,3. Leclanche cell 
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Fig. 6.2.3. 
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A Leclanche cell consists of a carbon electrode (anode) packed in a porous pot containing 
manganese dioxide and charcoal powder. The porous pot is immersed in a saturated solution of 
ammonium chloride (electrolyte) contained in an outer glass vessel, A zinc rod (cathode) is immersed in 
electrolytic solution. 

At the cathode due to oxidation reaction Zn torn is converted into Zn++ ions and 2 electrons. 
Zn++ ions reacting with ammonium chloride will produces zinc chloride and ammonia gas. Ammonia 
gas escapes. The hydrogen ions diffuse through the pores of the porous pot and react with manganese 
dioxide. In this process the positive charge of hydrogen ion is transferred to carbon rod. When zinc rod 
and carbon rod are connected externally, current flows from carbon to zinc. The emf of cell is about 
1 ,5V. Internal resistance is 5 ohms. 

These type of cells are used in telephones, telegraphic equipments. 

6.2.4. Dry cell 
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Fig-6.2.4 

The glass j ar in a Leclanche cell is replaced by a zinc container which itself acts as a negative 
electrode. The ammonium chloride solution is replaced by the moist paste made from a mixture of 
plaster of pans, ammonium chloride and zinc chloride called sal ammoniac paste. This forms the electrolyte 
of the cell. Zinc chloride is hygroscopic in nature and helps to maintain the moistness of the paste. The 
porous pot is replaced by a canvas wrapping. The carbon rod forms the positive electrode. This is 
surrounded by Mn02 and powdered carbon. The powdered Carbon reduced the internal resistance 
of the cell. The top of cell contains a layer of saw dust. This acts as the base for the top layer of 
bitumens used for sealing purposes. A vent is provided in this layer to allow the gases formed in the 
chemical reactions to escape . The emf of cell is 1 . 5 V. These type of cells are used in torch lights , radios , 
wall clocks etc. 

6.3. BATTERY 

More than one or two cells when connected in series or parallel connection it is called as Battery. For 
example if a cell has 1 .5 V and if we need 3 V or 6V then we can get it by connecting two cells or four 
cells. So cells are often arranged in groups to form batteries. There are two main methods in connecting 
them. 
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Series Method 



Series Connection 
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Fig. 6.3 

The negative terminal of one is connected to the positive terminal of the next through out the 
battery. In this case the total voltage of the battery is the sum of the voltages of each cell. This method 
is employed in Telephone exchange, Telegraph etc. 



6.3.1. Parallel Method 
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Switch 




Parallel Connection 



Fig. 6.3.1. 

The negative terminals of the batteries are connected together and formed as one terminal and all 
the positive terminals are connected together and formed as another terminal. These terminals are 
output terminals of the battery. In this type, the voltage of the battery is equal to the voltage of the singl e 
cell. But the Ampere rating is high since it has less resistance. This battery will work even if any one of 
the cell is damaged or disconnected. This type is used where high ampere rating is needed. 
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6.4. STORAGE BATTERIES 
Types of Secondary Cells 

Secondary cells may be classified under the following heads: 

a) Lead Acid cell 

b) Alkaline cell eg. Nickel iron cell, Nickel cadmium cell 
Lead acid cell is generally used in vehicles. 

6.4.1. Lead Acid accumulators 

The constructional features of a lead acid cell can best be understood by studying its parts. The 
parts are the 1 .Container 2.Plates 3. Strap and terminal pillar 4.Separator 5. Electrolyte 6. Cell cover 
and 7. Vent plug. 

The outer container made up of hard rubber, bakelite, celluloid or bitumen. The Electrolyte used in 
this is diluted sulphuric acid. Lead plates are kept as positive and negative plates. One excess negative 
plate is kept to reduce internal resistance and increase more current. Separator (made of rubber, 
ebonite, glass) are placed in between the positive and negative plate to prevent any possibility of short 
circuit between them. The bottom of the plate is rest on the top of the ribs. The top of the container is 
sealed but one vent hole per cell, arranged such that the acid will not splash due to shake. 




Negative terminal 
Positive terminal 

Vent hole 
Electrolyte 



Negative plate 
Separators 



Bottom support 



Outer container 



Fig. 6.4.1. 
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Working principle 

Firstly, a strong dc supply is given through positive and negative terminals. This current is passed 
for certain period of time. Now hydrogen is liberated at that set of plates connected to the negative of 
the source. This makes these plates spongy. At the positive plates, the liberated oxygen combines to 
form lead peroxide. This process is called charging. Charging process is done till the acid reaches its 
required specific gravity. If now the original source of current is disconnected and the two plates are 
connected to an ammeter, it shows the current flow. 

The container is filled three parts of distilled water and one part of concentrated sulphuric acid. 
Before charging, the specific gravity of the acid should be 1 . 1 5 and after charging, the specific gravity 
should be 1 .26. This can be measured by using hydrometer. The emf should be 2.25 V 

Chemical Reaction During Discharging 

When the cell is discharging, current flows in the external circuit from positive to negative. The 
flow of current through the electrolyte splits into H^and So 4 " ions. 

• Both the positive and negative plates are slowly converted in to lead sulphate. 

• Water is formed during discharge. So that the acid becomes more and more diluted. 

• Decrease in emf. 
Chemical Equation 
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90% of stored energy can be used. 

Coating of red oxide is done over lead plates to avoid corrosion. 

To get large steady current, batteries should be connected in parallel. 
Precautions 

Battery should not be kept under discharge condition for long period. 

The level of the electrolyte must be 2cm above the plates. 

When the level of the electrolyte decrease, distilled water should be added. 

The charging and discharging process should be done in constant speed. 

During charging vent plug should be loosen, so that gases can be easily evolved. 

Avoid fires near batteries. 

While preparing an electrolyte, acid should be added drop by drop to the water. 

The batteries should be fixed firmly in the vehicle. 

Avoid loose connection in the terminal loops. 

While charging, the voltage should be more than 1 0% of the battery voltage. 
6.4.2. Alkaline cell 

In this type of cell instead of sulphuric acid, potassium hydroxide is used. 
There are two types 

1 . Nickel iron cell 

2. Cadmium cell 

Nickel iron cell 

Construction 

Its positive plates consists of nickel plated iron tubes packed with nickel hydroxide. Its negative 
plate consists of similar tubes filled with finelym oxide iron. The electrolyte is a solution of potassium 
hydroxide which gives positive potassium and negative hydroxylamine. 

KOH - K + + OH- 

The container is of nickel plated steel and nowadays even plastic. The addition of small amount of 
lithium hydroxide is found to increase the capacity of the cell. 
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Fig 6.4.2. 
Characteristics of Alkaline cell 

1 . Robustness, mechanically strong and can stand vibrations. 

2 . High internal resistance . 

3 . Life time is approximately 5 years. 

4 . At fully charged condition its emf is 1 .75v and during discharging condition its emf is 1 .2v 

5 . The rate of discharging should not be below 1 . 1 5 v 

6.4.3. Difference between Lead acid cell and Nickel iron cell 



Lead acid cell 


Nickel acid cell 


1. Positive plate is lead per oxide 


Positive plate is nickel hydroxide. 


2. Negative plate is lead plate. 


Ferrous hydroxide powder is Negative plate. 


3 . Electrolyte used is diluted 


Potassium hydroxide is used. Sulphuric acid . 


4, Average emf is 2.2v 


Average emf is l.lv 


5 . It is heavy and not easily portable. 


Light weight, easily portable. 


6. Internal resistance is low. 


Internal resistance is high. 


7. Less cost. 


More cost. 


8 . Period of charging is longer. 


Period of charging is shorter. 



6.4.4. TROUBLE SHOOTING IN THE BATTERY 

Three types of defects occurs in the battery. 

1 . Sulphation2. Sedimentation 3. Plates buckling. 
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Sulphation 

If the cell is discharged too far or left standing for long unused , the acid attacks the plate and may 
form a very high deposit of lead sulphate on them. This is called sulphation. To avoid this battery should 
not be kept unused for long time, higher speed of charging and discharging should be avoided. During 
charging low current with long period should be followed. 

Sedimentation 

When the particles deposited on the positive plate dissolves in the electrolyte , short circuit may 
occur. If it happens the electrolyte should be changed. 

Plates Buckling 

If the rate of charging and discharging is higher, the plates become unshaped . If it happens the 
plate should be replaced. 

6.4.5. Symptoms of fully charged Batteries 

Oxygen is liberated from anode and hydrogen is liberated form cathode. 

EMF should be approximately 2. IV 

Specific gravity of the electrolyte should be more than 1 .2. 

Positive plate in chocolate colour. 

Negative plate is state grey in colour. 

6.4.6. Capacity of an Accumulator 

The capacity of an accumulator is given either by its watt hour rating or by its ampere hour rating. 
The ampere hour rating is generally, used that is the product of current given out by the number of hours 
for which it can be taken. So the capacity of the battery depends upon number of plates used, its area 
and electrolyte used. 

6.4.7. Efficiency 

i) Ampere Hour Efficiency 

The efficiency of a cell can be considered as below; 

Ag. Efficiency % = Ampere hour on discharge x 1 00 
Ampere hour on charge 

Efficiency of lead acid cell is 90 to 95% 

ii) Watt Hour efficiency 

It is a ratio of watt hour of energy delivered by battery to the watt-hour supplied by source during 
charging. 

WH Efficiency = Discharge (Current x Time x Voltage) 
Charge (Current x Time x Voltage) 
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6.5. TESTING OF BATTERY 



Handle 




Fig.6.5 

For testing a battery we use cell tester. In fully charged battery the emf is 2.2V if we increase the 
rate of discharge the capacity of the cell decreases. So the cell tester (ie) a voltmeter with high resistance 
connected across the poles of a cell will approximately measure its emf. Cell tester should not be used 
for a longer time because it has high resistance, which in turn made a voltage drop on the cell. So the 
testing should be carried only for 1 or 2 minutes. If there is no varies in the voltage then the batter y is 
in good condition. If the voltmeter shows 1 .8V then there is some defects. So the faults should be 
identified and rectified. 

6.5.1. The method of charging secondary cells are 

- constant current method 

- constant potential method 

- rectifier method 

6.5.2. Constant current method 

This method is used where the supply is high voltage DC220 V, 1 1 V etc. but the battery is of 
low voltage 6 V, 1 2 V etc. The emf of the battery is small in comparison to the supply voltage so a lamp- 
load or a variable resistor is connected in series with the battery. This causes a loss of energy, so, the 
method is inefficient. 

Use : For charging more number of cells at constant current rating. 

6.5.3. Constant potential method 

In this method, the voltage is maintained at a fixed value about 2.3 V per cell; the current decreases 
as the charging proceeds. A variable resistor is connected in series, so a vltage source of 2.5 to 2.6 V 
per cell is required. For a 12V motor car battery, the charging dynamo is of about 1 5 V. In comparison 
to the constant current method less power is wasted for charging and less time is taken. 
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Use : For charging batteries of constant voltage rating. 

6.5.4. Rectifier method : A recitifier for battery charging is generally made of diodes connected in the 
form of a bridge. A transformer is used to step down the AC voltage to that suitable for diodes. 
Ammeter, voltmeter, switches and fuses are also used in the rectifier set. 

6.5.5. Trickle charge : When the battery is charged at a very low rate, that is 2 to 3% of the normal 
rate for a long period, it is said to be a trickle charge. 

Use : For central or sub-station batteries and for emergency lighting systems. 

Initial charge : The first charge of anew, previously uncharged battery is called the initial charge. 
The process that occurs inside the battery is called forming the cells. 

To conduct an initial charge, fill the cells with an electrolyte of a proper specific gravity, then 
replace the vent plugs. Make sure the holes in the plugs are clear. The battery should also be cool 
before you begin the initial charge. 

Freshening charge : When a new battery is put into service for the first time, it may be given a 
brief charge to ensure that it starts in a fully charged condition. This kind of charge is called a freshening 
charge. Normally all that is required is charging at the finish rate until no change in specific gravity or 
voltage occurs over a three hour period. 

Boost charge : If a battery is in danger of becoming over-discharged during a working shift, you 
can give it a supplementary charge during a rest period. This boost charge is not a conventional method 
of charging the storage battery. It is not recommended as a standard procedure. It is generally a high 
rate charge of short duration, used only to ensure that the battery will last until the end of the shift. 

6.6. WATCH CELL 

Alkaline cells : Alkaline cells use a zinc container for the negative electrode and a cylinder of 
manganese di-oxide for the positive electrode. The electrolyte is made up of a solution of potassium 
hydroxide or an alkaline solution. 

Alkaline cells are produced in the same standard sizes as carbon-zinc cells but are more expensive. 
They have the advantage of being able to supply large currents for a longer priod of time. For example, 
a standard 'D' type 1.5 V alkaline cell has a capacity of about 3 .5 A.h compared with about 2 A.h. for 
the carbon-zinc type. A second advantage is that the alkaline cell has a shelf life of about two and a half 
years as compared to about 6 to 12 months for the carbon-zinc type. 

Mercury cells : Mercury cells are most often used in digital watches, calculators, hearing aids 
and other miniature electronic equipment. They are usually smaller and are shaped differently from the 
carbon-zinc type. The electrolyte used in this cell is alkaline and te electrodes are of mercuric oxide 
(cathode) and zinc (anode). 

Silver oxide cells : Silver oxide cells are much like mercury cells. However, they provide a 
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higher voltage (1 .5V) and they are made for light loads. The loads can be continous, such as those 
encountered in hearing aids and electronic watches. Like the mercury cell, the silver oxide cell has good 
energy-to-weight and energy-to-volume ratios, poor low-temperature response, and flat output voltage 
characteristics. The structures of the mercuric and solver oxide cells are very similar. The main difference 
is that the positive electrode of the silver cell is silver oxide instead of mercuric oxide. 

Lithium cells : The lithium cell is another type of primary cell. It is available in a variety of sizes 
and configurations. Depending on the chemicals used with lithium, the cell voltage is between 2.5 and 
3 .6V. Note that this voltage is considered higher than in other primary cells. Two of the advantages of 
lithium cells over other primary cells are : 

- longer shelf life - upto 1 years 

- higher energy-to-weight ratio upto 350 Wh/Kg 

Lithium cells operate at temperatures ranging from -50 to +75 C. They have a very constant 
output voltage during discharge. 

Uses : Primary cells are used in electronic products ranging from watches, Smoke alarms, cardiac 
pacemakers, torches, hearing aids, transistor radios etc. 

6.7. STATIC UNINTERUPTABLE POWER SYSTEM (UPS) 




*q LooA 






■67 
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Fig. 6.7. 

The function of a UPS is to ensure absolute continuity of power to the computerised control 
systems thereby protecting critical equipment from electrical supply failure. A UPS market is possible 
to provided a clean reliable supply of alternating current free of sags or surges i nthe line voltage, 
frequency variation, spikes and transients. UPS system achieve this by rectifying the standard main 
supply, using the direct current to charges the standby battery and to produce clean alternating current 
by passing through an inverter and filter system. 
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Components of a UPS system 

The essential components of a UPS system are as under 

1 . A rectifier and thyristor - controlled battery charger which converts the AC input into regulated 
DC output and keeps the standby battery fully charged. 

2 . A standby battery which provides DC input power to inverter during voltage drops or on failure of 
the normal mains AC supply 

3 . An inverter which converts DC to clean AC thus providing precisely regulated output voltage and 
frequency to the load. 
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Questions 
Part -A 

I. Choose the Correct Answer 

1 ) In case of primary Cell , 

a) Chemical energy is converted into mechanical energy 

b) Chemical energy into electrical energy 

c) Electrical energy into chemical energy 

d) Electrical energy into electrical energy. 

2) The local action is minimised by amalgamating the 
a) Zinc rod b) Corbon on copper rod 

3) The positive electrode of dry cell is made of 
a) Copper b) Carbon 

4) has 1.5 volt E.M.F. 

a) Voltaic Cell b) Daminal Cell 

5) Primary cell is generally used for 
a) Watch b) aeroplane 

6) The chemical term of solphric acid is 

a) H 2 b) H 2 So 4 

7) The possitive plate of lead Acid cell is 

a) Nickel b) Iron 

Part - B 

II. Answer the following questions in one word 

1 ) What is the polarity of carbon plate? 

2) Which plate has negative polarity? 

3) What are the defect of the voltaic cell? 

4) How the local action defect is removed? 

5) What is the emf of voltaic Cell? 

6) Is it necessary to use saparators in lead acid cell? 

7) What is the active meterial of negative plate in lead acid cell? 
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c) Container 


d) Tenninal. 


c)Zinc 


d) Sulpherc 


c) Dry Cell 


d) None of these 


c) Train 


d) automobiles. 


c)So 4 


d)Pb 


c) Lead 


d) Zinc. 



Part-C 

III. Answer the following questions in briefly 

1) What is battery? 

2) What are the characterstics of Primary Cell? 

3) What are the characteristics of Secondary Cell? 

4) What is local action? 

5) What is polarisation? 

6) What are defects occures in secondary cell? 

Part-D 

IV. Answer the following questions in one page level 

1 ) Distinguished between primary and secondary Cell? 

2) Explain Dry cell with neat sketch? 

3) Explain watch cell? 

4) What is meant by cell and explain? 

Part-E 

V. Answer the following questions in two page level 

1 ) Explain the simple voltaic cell with neat sketch? 

2) Explain the working principles of lead Acid cell? 

3) Explain the working principle of Alkaline cell? 
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7. AC.CIRCUITS AND ELECTRICAL MEASURING 

INSTRUMENTS 

AC CIRCUITS 

7.0. ALTERNATING CURRENT 

Alternating current may be generated by rotating a coil in a magnetic field or by rotating a magnetic 
field within a stationary coil. Alternating current flows in one direction one time and later its changes its 
direction of flows. And the magnitude changes at every time. The magnitude depends upon the position 
of the coil. 

\ CYCLE 




Fig. 7.0 

In the figure An Alternating current shows the changing the direction of current and magnitude. 

ADVANTAGE AND DISADVANTAGE OF AC CURRENT 
Advantage 

1) It is easy to conduct AC to one place to another place. 

In AC current easy to develop high voltage. 

AC equipment is low cost. 

Possible to convert to DC. 

Easy to step down of setup the voltage by transformer. 

AC motors are cheapest. 
Disadvantage 
1 ) Can not able to store in Battery. 

Compared to DC high Electric shock. So AC circuit should have good Insulation and earthing. 

Because of high starting current in AC the voltage Drop is occurred. 

The speed of the AC motors is depending up on the frequency. 

According to the Induction load: Power factor gets low. 



2) 
3) 
4) 
5) 
6) 



2) 
3) 
4) 
5) 
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7.1. AC WAVE FORM AND ITS CHARACTERISTICS 





1 

Fig. 7.1.(1) Fig. 7.1. (2) 

In the figure ( 1 ) A coil fixed as to rotate in magnetic field. 

In the figure (2) A magnetic field fixed as to rotate in side the coil . 

If coil rotate in magnetic field or magnetic field rotate inside the coil there is an alternating emf 
generate in the coil. The generated alternating emf is proportional to the number of turns of coil, 
magnetic field strength, and the angle between the coil and magnetic field. 



(i.e.) 


e = 


-Blvsin6 


omthis 
1 


= 


Length of the conductor 


V 


= 


Velocity of conductor. 


B 


= 


Flux density. 





= 


angle between field to conductor. 


e 


= 


generated AC emf. 



The generated AC emf value is depending upon the sine value of the angle between the magnetic 
field and conductor. 

The sine wave may be drawn by taking the electro motive force in Y axis and time in X axis. 



(+ve) 



Maximum value 




Fig. 7.1.1 



Time 
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In the figure Acoil rotate in a magnetic field clock wise direction. First the conductor is in the 
position "a". Now the angle between the magnetic field and conductor is °. Then the emf in the 
conductor is zero. Sin 9 = 0, is. The total emf is zero because in the formulaBlv sin 6, the sin 9 in zero. 

The conductor moves by rotation to the position C the angle between the magnetic field and 
conductor is 90°. Therefore sin 90° = 1 . So, in the position the emf is maximum level. This emf is 
called as positive maximum. 

The conductor moves by rotation to the position "e". The angle between the magnetic field and 
conductor is zero . In this position emf is zero. Latter the conductor moves by rotation to the position 
"g" the angle between the magnetic field and conduct is 90 °. Therefore the emf generated in the 
position is maximum. In that position the emf is called as negative maximum. Latter the conductor 
again moves to the position A. In the position the emf in the conductor is zero. 

By the way the conductor rotates one revolution in the magnetic field. This rotation charted 
equally and the sine wave is drawn. This way alternative current sine wave form. 

7.2. CYCLE 

In Alternating current complete set of one positive half cycle and one negative half cycle is 
called one cycle. 

7.2.1. Time period 

The time taken by an alternating quantity to complete one cycle is called time period. It is 
donated by the letter "T". 

Example: In the AC frequency 50 L/S the time period for one cycle is 1/50 second. 

7.2.2. Frequency 

The number of cycle per second is called the frequency of the alternating quantity. 

Its unit is hertz (Hz) to find frequency the formula. 

f-PN/120isused. 

f = frequency. 

P = Number of pole 

N = Number of revolutions is r.p.m. 

7.2.3. Instantaneous value 

The Alternating quantity changes at every time. In particular time its value is called instantaneous 
value. 

7.2.4. Maximum value 

The maximum value positive or negative, of an alternating quantity is known as its maximum 
value. 
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7.2.5. Effective value and R.M.S. value 

The Effective value of an alternating current is given by that DC current which when flowing 
through a given circuit for a given time produces the same heat as produced by the alternating current 
when flowing through the same circuit for the same time. It is also called as Root mean square value . 
the current effective value denoted as I rms and voltage effective value denoted as V rms. The voltmeter 
and ammeters are read the effective value only. 

R.M.S. Value = Ik. or e m 

7.2.6. Average value 

The Average value is calculated by the Averages of the maximum value of alternating quantity at 
different instances. 

Average Value = — — or Jf 

n n 

7.2.7. Form factor 

It is the ratio of R.M.S. value of AC quantity to average value. 

Form factor = R.M.S. value 

=1.11 

Average value. 

7.2.8. Peak factor 

It is the ratio of maximum value of AC quantity to R.M.S. value 
Peak factor — Maximum value 



R.M.S. value. 
In sine wave peak factor value is 1 .414. 

7.2.9. Power factor 



1.414 




Fig. 7.2.9. 



In a electric circuit the ratio between true power to imaginary power. 

Power factor is always below one power factor is called as Cos 9. G means the angle between 
the voltage and Ammeter. 

The power factor depends upon the circuit Example in a AC circuit if resistance only connected 
the power factor is unity. If Inductance or capacitor is connected in a circuit Power factor is Zero and 
called as zero power factor. 
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Example 

In a AC circuit 1 OA current flows and emf is 230V. In the circuit power is 2 KW. Calculate 
power factor and phase angle between current and emf. 



Current 




= 


10 A. 




emf 


= 


230V 




Power 


= 


2KW 




Power factor 


„ 


? 




Phase angle 


= 


9 




P 


= 


vi cose 




2000 


= 


230xlOCos9. 




Power factor Cos 


= 


2000 - 0.8695 
230x10 




CosG 


= 


0.8695 






= 


Cos" 1 0.8695 







= 


29°59. 




Power factor 


= 


0.8695 




Phase angle 


= 


29°59' 




7.2.10. Phase 












Fig. 7.2.10. 

Phase of an alternating current is meant, the fraction of the time period of that alternating ciurent, 
which has elapsed since the current last passed through the zero position of reference. For example the 
phase of current at point A is T/4 second where T is time period of expressed in terms of angle it is nf 
2 radians and at point B n radian. 



n: 



7.2.11. Phase Difference 

In the figure two conductors rotate in the magnetic field and the sine wave also drawn. If the 
two conductors rotate in same speed, but the conductors are in different angle. Because of the different 
angle the AC quantity never gets maximum of zero at the sometime. This different AC quantities 
between the two conductors are called phase different and the angle between is D. 




In the figure, A sine wave gets the maximum first by the B sine wave. So A sine wave A is 
leading the sine wave B, (or) sine wave B is lagging the sine wave A. 

A 

B 



Fig. 7.2.11. (2) 



7.2.12. In phase 




Fig.7.2.12. 



If wave form of two AC quantities (voltage or current) get the maximum and zero at same time 
then they are said to be IN PHASE. 
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7.2.13. Out of phase 

If in AC circuit two quantities namely 
voltage or current waves get the maximum and 
zero at different time then they are said to be 
OUT OF PHASE. 



7.3. AC CIRCUIT WITH PURE RESISTANCE 




Fig. 7.2.13. 



A circuit without Inductance and capacitance is called pure Resistance circuit. The value of 
Resistance is R. 

Instantaneous value of emf 

V = V max sin cot 

Current value = I Ampere. 





R 










r^ 





Fig. 7.3. 



When current passes through the circuit there is no counter emf created. The supply voltage 
and Resistance only in the circuit. 

= Electro motive force 



Resistance 



Current = 

I = E/R. 

further in the circuit. 

Power = current x emf and power factor always unit because the angle between the current 
and voltage is 0°. 

Because the power factor (Cos 9) = 1 . 

7.3.1. Inductance 

A long conductor wound round in the form of a coil is called an inductor. This has the property 
of inducing an emf when there is a change in the current passing through it. Its unit is henry and denoted 
by the letter "L". 

7.3.1.1. Inductance in AC circuit 



-fflRfffram. 



<$> 



Fig. 7.3.1.(1) 



V 






90° 



1 \ 



■*- 
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In the figure a coil is connected in the AC circuit. The Alternating current quantities are changes 
at every time as maximum to zero and also the magnetic field changes to maximum to zero. Because of 
the change in magnetic field Back emf is induced in it. The Back emf resist the applied voltage. The 
opposition is called Inductance. By the way the Inductance is always in oppose every time in the AC 
circuit. In only Inductive circuit the frequency is same for voltage and current but current is lagging by 
90° to the voltage. 

7.3.2. Inductive Reactance 

Inductive Reactance means the opposition due self Inductance to the AC current through a 
coil. Its unit is ohm and denoted by the letter "X L ". 



X 

L 

L 
F 



Inductive reactance X = 27r.fl 
Inductance in Hentry 
frequency in hertz 



7.3.3. Capacitor 

Two conductors plate separated by insulating material is called capacitor. The insulating material 
may be air, mica, and a paper. 

The property of capacity to store the current in it is called capacitance. It is measured in farad. 
If one coulomb charge is need develop one volt potential at the capacitor terminal the capacity is one 
farad. 

The small quantity micro farad (1 0" 6 ) and Pico farad (1 0' 6 ) are used in General Because one 
farad is big unit. 




He-I 



90 



«-" 



V 



Fig. 7.3.4. 



7.3.4. Ac Circuit only with the capacitor 



AC voltage changes at every time. That is in the sine wave of one cycle the voltage raises to 
maximum at first 90° and from 90° to 1 80° the voltage decreases to zero, from 1 80° to 270° voltage 
raises in opposite direction. And 270° to 360° the voltage decreases to zero. When a capacitor 
connected to the circuit up to 90° capacitor charged and 90° to 1 80° the capacitor discharged. Next 
1 80° to 270° the capacitor charged in the opposite direction from 270° to 3 60° the capacitor discharged 
from this in Ac one cycle the capacitor charged and discharged in two time. So the current passes 
continuously in only capacitor AC Circuit the current is leading by the voltage at 90° 
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7.3.5. Capacitive Reactance 

The resistance offered by a capacitor is called as capacitive Reactance. The unit is Ohm (Q) 
and denoted by letter Xc 



Xc 




1_ 
2 7i:fc 


Xc 


= 


Capacitive reactance in ohm 


C 


= 


Capacitance - in farad 


f 


= 


frequency - in Hertz 


7.3.6. Uses of 


capacitor 



To improve the power factor in factory to smooth the line voltage, To improve power factor is 
tube light, Resistance welding, Induction motor, photo equipment are same place of using capacitor. 

7.4. IMPEDANCE 

The combined resistance in AC circuit offered by Resistance, Inductance and capacitance (Q) 
any of the two is called Impedance. The unit is ohm. It is denoted by the letter Z. 



7.4.1. Resistance and Inductance is AC circuit 

The Resistance and Inductance are connected in series. There is no phase different in Resistance 
circuit But in the Inductance circuit the voltage is lead by 90° to the current. The voltage across the 
resistance is V . Voltage across the Inductance is V Resistance value is R, Inductive Reactance value 
isX. 

L 



-Mvvvvvv 




RL Circuit 

RL Series Circuit - Phasor Diagram 



v=v +v 

R L 


(Vector sum) 


Ohm's Law 




V 


IR, I = Current 


V 


IR, V- Voltage 



Fig. 7.4.1. 
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V 

L 

XL 

v 2 



IX , R = Resistance 

L 

: Inductive Reactance ohm's (Q) 

2 2 

V +v 



V = vV + Vl 

v = 4{mf + (ix L y 

V = ^jl 2 R 2 + I 2 X L 2 



V =^I 2 (R 2 + X L 2 ) 

v = i-s[r 2 ~Vx~J 



V 



> 2+ X L 



V 


\ 




= z 


I 


J 



Z = Total Impedance, ohm's (Q) 

7.4.2. Impedance Triangle 

(R.L. Series Circuit) 



z=JF7JJ 

Power Factor cos G — 



ohm's 
R 



Power = VI cos 6 watts. 
7.5. RESISTANCE AND CAPACITANCE IS AC CIRCUIT 



In the figure the Resistance R and capacitor 
C is connected is series with the circuit. The voltage 
between the capacitor and Resistance are V c and V R . 
The total supply voltage is V and current is I. v 
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In the above figure the voltage by the resistance is mentioned in the Vector at OA as the same 
the in the Vector at AB . In the circuit the supply voltage is OB and is the sum of O A and AB 



R-C CIRCUIT 

7.5.1. R-C Series circuit - Phasor diagram 

V = V +V (Vector sum) 

R o 

Ohm's Law 

V = IR, I -Current 



V = IR, V- Voltage 

R 

V = DC , R = Resistance 

c c 

X = Capacitive Reactance ohm's (Q) 

c 

2 2 2 

V - V +v 

R C 



v = Jv R 2 + v 2 
v = V(ffi) 2 + (DC c f 



V =yjl 2 R 2 + I 2 X C 



A 




v„ 




J 


t) y 


r 
C 




Fig. 7.5.1 



B 



VrH 



V =^I 2 (R 2 +X C 2 ) 




C v — 



V = l^j R z + X c ~ 
j = ^R 2 +X c 2 



\--A 

u ) 



Z = ^R 2 +X C 



Z = Total Im pedance, ohm' s(Q) 
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7.5.2. Impedance Triangle 

(R.C. Series Circuit) 








v- X 



Z - ^ R 2 + X c 2 ohm ' s 
Power Factor cos 9 = — 



Fig. 7.5.2 



Power = VI cos 9 watts. 

7.6. RLC CIRCUIT 

(Resistance - Capacitance in AC Circuit) 

In the circuit the Resistance, capacitor and Inductance are connected in series in this Circuit the 
current is same. Voltage is differed by resistance offered by the R.L.C. Total supply voltage is V. 



and 



I 
V 



Ir = I L = Ic 

V R +V L +V C 



The victor diagram shows the voltage vector diagram and Impedance vector diagram the above 
are with reference to the current. 



V, 



Voltage across the resistance. 
Voltage across the Inductance 
Voltage across the capacitor 



V 



R. 
-**■ 



R 



foiM <f 






-&- 



>J-^-Vcr 



%_ 



Fig. 7.6. 
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7.6.1. RLC Series Circuit 

V R is in phase with current I 

V L is leading with current at 90° 

V c is lagging with current at 90° 

If V L is greater than Vc (V L >V C ) the difference between V L and V c can be Wright as V L - V c , 
Total voltage is V 



;* ► 



X- 



vv 




Fig. 7.6.1. 



Case 1 

RLC Series Circuit Phasor diagram (X > X ) 

L C 

V = V +V +V (Vector Sum) 

RLC 



Ohm's Law 

V = IR, 

V =IX 

L L 

V =IX , 



V 2 



z 
z 



I = Current, R = Resistance 

V = Volatage 

X = Inductive Reactance (ohm's) 

L 

X = Capacitive Reactance (ohm's) 
c 

V + ( V L- V c) 2 > ^ L >X C ) 



V 


Vv 2 + (v - v ) 2 

R L C 




V 


V(IR) 2 +(IX L -IX C ) 2 




V 


/ 2 2 "> 2 

H R + I (X - X ) 

L C 




V 


^f (R 2 + (X -X f 

L C 




V 

Y 
I 


I ^ R 2 + (X - X ) 2 

L C 

^ R 2 + (X - X ) 2 

L C 


(t 



z 



V 



R 



(X -x)- 



Total Impedance Ohm's 
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7.6.2. Impedence Triangle 



Case 1 



(X >X ) 

L C 



V ~ 2 



R + (X - X )" 

L C 



Power factor cos 6 = R 



Power = VI Cos watts 




Xl~X< 



7.6.3. Case 2 

RLC Series Circuit Phasor diagram (X < X ) 
V = v +V +V (Vector Sum) 

RLC 

Ohm's Law 



V = IR, 

V =IX 

L L 

V -IX , 

c c 



V 2 



I = Current, R — Resistance 

V = Volatage 

X — Inductive Reactance (ohm's) 

L 

X = Capacitive Reactance (ohm's) 
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7.6. 4. Impedence Triangle 
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Fig. 7.6.4. 



Power = VI Cos 9 watts 

7.7. SERIES RESOANCE 

In resistance, Inductance and capacitor are in series circuit the impedance 

Z= VR 2 +(X L -X C ) 2 

Total Reactance X L -Xc This Reactance may be capacitive Reactance or Inductive reactance 
by which one is greater value. 

Since inductive reactance X L = 27ifL, Inductive Reactance X L is directly proportional to the 
frequency. So X L increases when the frequency increases. 

On the other hand Capacitive reactance X c = 1/ 27i:fc. As X c is inversely proportional to the 
frequency, X c decreases with increase in frequency. So the circuit having both L and C, X r increases 
from 0, X c decreases from maximum value as frequency increases. 

At a particular frequency both reactances (X L & X c ) will be equal and opposite. This condition 
is called Resonance and this circuit is called Resonance circuit and that particular frequency is called 
Resonance frequency, f = 1 

2ttVlC 
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-j WNAA 



L C 



{Zy 



Fig. 7.7. 



7.7.1. Properties 

1. At resonance, X L &X C nullify each other 

2. Impedance of resonance circuit is very low. 



3 . Current through this circuit depends upon the resistance only. So current will be maximum at 
this condition, ie, If current at resonance is I then I = V / R 
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4. Power factor of the circuit is unity as the circuit is purely resistive. 

5 . As the circuit is purely resistive, both voltage and current are in phase. 

6 . Voltage drop across inductance and capacitance is maximum. 

7. Frequency at which resonance occurs in a circuit is called resonance frequency. 

7.7.2. Applications of resonance circuit 

1 . It is used in radios to tune for a particular radio station 

2 . Used in TV receiver. 

3 . Used in oscillators as tank circuit. 

4 . Used in microwave communication equipment 

5 . Used in Telex and Tele printer. 

6. Used in IF and RF transformers. 

7 . Used in Navy ships . 

7.7.3. Q Factor of a Series Resonance Circuit 

At resonance condition voltage drop across inductance and capacitance are equal . Further, this 
voltage is more than the supply voltage. The ratio between this magnified voltage and supply voltage is 
called Q factor. 



7.8. Parallel Resonance 
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Fig. 7.8. 

When the frequency of a circuit (which contains resistance, inductance and capacitance in parallel) 
is increased, both inductive reactance and capacitive reactance will nullify each other. A circuit at this 
condition is called parallel resonance. 

7.8.1. Properties of Parallel Resonance 

1 . Impedance of the circuit is maximum. 

2 . Current at resonance is minimum. 

i.e. I = X 
L/CR 
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3 . Current magnification takes place. 

4. Voltage and current is in phase. 

5 . Power factor of the circuit is unity. 

7.9. POLYPHASE SYSTEMS 

If the armature of an alternator generating a.c. supply is having only one winding then the supply 
taken across the two terminal will be one phase. It will have only one voltage waveform. So it is called 
single phase. 

Instead of one winding if the alternator has 2 or 3 winding then 2 or 3 phases are generated. So a 
system which produces more than one phase is called polyphase. 

If the armature of an alternator is having three windings namely A, A 2 ,B,13 2 and C,C 2 which are 
displaced 120 ? apart is rotated, then three different emf is generated in these windings. The phase 
difference between each phase will be 1 20 ? . Generally three phase is denoted as red (R), yellow(Y) 
and blue(B). 
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Fig. 7.9. 
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7.9.1. Phase Sequence 

It is the term which is used to represent in what sequence the three phase voltage or current attains 
maximum value. For eg. If the phase sequence is said to be RYB, then first red phase attains maximum 
value and then with a phase difference of 120 ? each, the yellow phase and blue phase attains their peak 
value. 

7.9.2. Advantages of Three Phase System 

1 . Power produced by three phase motor is high compared with that of same rating of single phase 
motor. 

2. Three phase transmission is more efficient and requires less copper for transmitting same power 
over the same distance. 

3 . Three phase motors are self starting while single phase motors are not. 

4 . Power factor of three phase motor is high. 

5 . Torque of three phase motor is uniform where as that of single phase motor is pulsating. 

6 . Size of three phase motor is smaller than single phase motor of same rating. 

7.9.3. Balanced Load 

If all the phase windings of three phase alternator are having equal impedance or phase angle, then 
it is called balanced system. Similarly if each phase load of the three phase load connected to three 
phase supply is having equal impedance or phase angle then it is called balanced load. 

7.9.4. Unbalanced Load 

If three phase load having different value of load in each phase is connected to three phase supply, 
then it is called unbalanced load 

7.10. THREE PHASE CONNECTION 

Each winding of a 3 phase generator will have two ends and so totally there will be six ends. These 
ends can be connected in any one of two fashion namely 

1. Star or Y Connection 

2 . Delta or Mesh Connection 
7.10.1. StarorYConnection 



(b) 




Fig.7.10.1. 
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In this method similar ends (starting end or finishing end ) of each phase winding are joined to.gether 
to form a common j unction N and supply is taken from other three ends. The junction N is called star 
point or neutral point. The voltage between any one line and neutral is called phase voltage. Current 
flows through that phase is called phase current Voltage between any two lines is called line voltage 
and current through that line is called line current. 

In the star connection, phase current = Line current 



Phase voltage 



i.e.I . = L 

pli L 

= Line voltage 

V3 



7.10.2. Delta or Mess Connection 





Fig.7.10.2. 

If the six ends of three phases are so connected that one end of first coil is connected to start end 
of the second coil and so on, a closed mesh will be formed. If three lines are taken from the three 
connected points, then this method is called delta connection. 

As only one phase winding is in between any two lines, phase voltage will be equal to the line 
voltage. 

Phase Voltage = Line Voltage 

Phase Current = Line Current/V3~~ 

Therefore, 3 phase power = V3VI cosO 

7.11. TWO WATT METER METHOD OF MEASURING POWER AND POWER 
FACTOR 
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The one wattmeter, two wattmeter and three wattmeter method are used to measure the power 
of three phase. 

In common two wattmeter method is used. If the load is balanced or imbalance this method 
may be used. The circuit diagram shows the Two wattmeter connected is star connected three phase 
load. 

In this method the wattmeter W 1 and W2 are separately connected to three phase circuit. In 
wattmeter there are two coils one is current coil and another one is pressure coil in the figure. M, L is 
represent the current coil and V 1 , V2 is represent the pressure coil. The current coil of Wattmeter W 1 
is connected in series with R and the pressure coil is connected between R and B as the same the 
current coil of W2 is connected in series with Y and the pressure coil is connected between Y and B. 

Similarly, two wattmeters maybe connected to Delta connection to measure the total power. 
This connection is shown in the figure. 

ELECTRICAL MEASURING INSTRUMENTS 

7.12. INTRODUCTION 

In Electrical terms current, voltage, power, resistance, conductance and capacitance are those 
which gives the value of quantity to be measured by the instruments is called Electrical measuring 
instruments. We study about some of the electrical measuring instrument. 

Ammeter, Voltmeter, Wattmeter etc. 

7.12.1. Classification of Electrical measuring instruments 

Electrical measuring instruments are classified into two types. 

1 . Absolute Instruments. 

2 . Secondary Instruments. 

Absolute instruments are those which give the value of the quantity to be measured in terms of the 
constants of the instrument and their deflection only. No previous calibration of comparison is necessary 
in their case. The example of such an Instrument is used in Laboratory as standard Instruments. 

Secondary Instruments are those in which the value of electrical quantity to be measured can 
be determined from the deflection of the Instruments only. When they have been pre-calibrated by 
comparision with an absolute Instrument. The secondary Instruments, which are generally used in 
electrical field. 

The example of secondary Instruments is voltmeter, Ammeter, Energy meter and so on. 

7.12.2. Classification of secondary Instruments 

Secondary instruments are classified into three types namely 

1 . Indicating instrument 

2. Recording instrument 

3 . Integrating instrument 
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1. Indicating instrument 

They give a reading of the input quantity during the specified interval of time or give a measure of 
the input quantity given at the moment of measurement. Adial and pointer are used in such instruments. 

Example: Ammeter, Voltmeter, Wattmeter, Power factor meter. 

2. Recording instrument 

They give a continuous record of the quantity being measured over a specified period. In these 
instruments a pen is attached to the moving system will trace the values of an a graph sheet placed over 
a slowly rotating drum. 

3. Integrating Instruments 

They totalize events over a specified period of time, the product of time and electrical quantity. 
This instrument generally given by a register consisting of a set of pointers and dials. 

Example : Ampere hour meter, Watt hour meter. 

7.13. PRINCIPLE OF OPERATION 

Ammeter, voltmeter, power and energy are measured by the following effect. 

( 1 ) Electro magnetic effect 

(2) Magnetic effect. 

(3) Heating effect. 

(4) Chemical effect. 

(5) Electro dynamic effect. 

(6) Electro static effect. 

1. Electro magnetic effect. 

Ammeter, voltmeter, wattmeter and watt hour meter function by this effect. This type of 
Instruments is also called as Induction meters. 

2. Magnetic effect. 

Generaly Ammeter and voltmeters function in this effect. 

3. Thermal effect. 

Ammeter and voltmeter function in this effect this type of meters is called also Hot wire instruments. 

4. Chemical effect. 

The DC ampere - hour - meter only functions in this effect. 

5. Electro dynamic effect. 

Ammeter, voltmeter, and watt meter, functions in these effects. This type of meters is also 
called as Dynamometer type Instruments. 

6. Electro static effect 

Electro Static effect voltmeter function in this effect. 
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7.14. AMMETER AND VOLTMETERS 

Working principle 

The ammeter and voltmeter work in the same principle in the ammeter the load current or a pail 
of the load current pass through it and current through the meter gives the deflecting torque. As the 
same in the voltmeter the current is proportional to the measurable voltage is passes through the meter 
and gives the deflecting torque. All type of voltmeter is measures like the same except the electrostatic 
voltmeter. The main different between the two meters is the current, which gives the deflecting torque. 

1. Ammeter 

Ammeter is used to measure the current the flows through a circuit. It measures current in Ampere. 
Ammeter is connected to the circuits in series. So the Ammeter coil is thick in size and has few number 
of turns to reduce the voltage drop across the meter coil. When the Ammeter is connected in series with 
the load, full load current passes through the ammeter coil. As the full load current is high in magnetude 
the coul may burn. Therefoer a low resistance called as shunt is connected parallel to the meter coil 
which allows maximum current to pass through it and very less current only passes through the meter 
coil. 

Ammeter 



r 



<*> 



Supply 



I 



Load 



Fig. 7.14(1) 



2. Volt Meter 



Voltmeter is used to measure the voltage across two different points in a circuit. The full Voltage is 
applied across the meter. The resistance of the voltmeter coil must be high to avoid short circuit. So the 
voltmeter coil is thin and has many number of turns. The voltmeter should be connected across the 
circuits. 
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Fig. 7.14 (2) 

7.14.1. Type of ammeter and voltmeter. 

The common used ammeter and voltmeters are. 

(1) Moving coil type. 

(2) Moving Iron type. 
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(3) Hot wire type. 

(4) Electro static type. 

(5) Induction Type. 
1. Moving coil type meters 

Moving coil type meters are two types. They are, 

( 1 ) Permanent magnet type . 

(2) Dynamo meter type. 

The two types instruments function as Ammeter and voltmeter. The permanent magnet meter is 
used to measure Direct current and Dynamometer type meter is used to measure the Alternating and 
Direct current. 

2.Moving Iron type meters 

Moving Iron type meters are two types. They are, 

( 1 ) Attraction type. 

(2) Repulsion type. 

They measure the Both Alternating and Direct Current. They are very low cost and this type of 
meters is mostly used. 

The Heating effect is used to function the Hot wire Instruments. So this type of meter measure the 
Effective value. This type of meter is suitable to measure the Alternating current. Frequency never 
disturbs the measurement and never disturbed by the stray magnetic field. 

Electro static meters are only used as voltmeter. Very low power is need to operate the meter. 

Induction type meters are only used in Alternating current. They are not used as voltmeter and am 
meter because they are very costly. 

7.14.3. Common errors 

The accuracy of the measuring Instruments is reduced by common errors. They are. 

1 . Frictional error. 

2 . Error due to change i s temperature . 

3. Mechanical unbalance. 

4 . Change in characteristics. 

The temperature due to the current through the coil and room temperature changes the resistance 
of the coil. Due to the change error is occured. If the current through the voltmeter is very low the 
temperature changes increases the error. So reduce the error the coils are fixed in ventilated place. 

To get required resistance low temperature coefficient materials are used and connect in series. 

Friction error is due to the pressure in the pivot. To reduce the error the moving parts are very 
light in weight and spindle is fixed in vertical. 
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7.15. MOVING COIL INSTRUMENTS: 

They are two types 

1 . Permanent magnet type. 

2. Dynamo meter type. 

7.15.1. Moving coil permanent magnet type 

Ammeter and Voltmeter 




Fig. 7.15.1. 

This type of Instruments function by the principle. When a current carrying conductor is placed 
in a magnetic field, there is a force is induced in the conductor. This force moves the conductor any 
direction and replace from magnetic field. 

The construction is as shown in the figure. The soft Iron magnetic piece is fixed in the end of the 
"U" shaped permanent magnet. A cylinder shaped Iron core is fixed between the magnetic poles. A 
rectangular coil wounded on the aluminium or copper frame is fixed in the air gap. 

Two spiral shaped phosphor Bronze hairsprings are fixed. On the top, and bottom of the coil. 
They are used to carry the coil current and give the controlling torque to the coil 

The aluminium frame not only provides support for the coil but also provides damping by eddy 
current induced in it. This construction may be used in voltmeter and Ammeter. When is used as 
Ammeter the circuit current or the part of circuit current is pass through the coil. When it is used as 
voltmeter the current through the coil is proportional rate of circuit voltage. The magnetic field by coil 
current is repulled by the permanent magnet's magnetic field and the Deflecting torque is induced in the 
coil. This Deflecting torque is proportional to the coil current so the scale is uniform division Deflecting 
Direction is according to the coil current direction. 
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Moving coil types are able to carry only low range of current. Shunt and series resistance are 
connected with it and used as Ammeter and voltmeter. 



t-H 
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Multiplier 



a) Volt Meter 



1 — CZ3 — * 
Shunt Resistance 



b) Ammeter 
Fig. 7.15.1. 

7.15.2. Advantages 

1 . S cales are uniform. 

2 . No hy steresi s loss . 

3. Low power loss. 

4 . High torque weight ratio . 

5 . High eddy current damping. 

6 . Not affected by stray magnetic field. 

7 . Range should be extending by shunt and multipliers. 

7.15.3. Disadvantage 

1 . Deflecting torque is due to current direction. So this type of meter used only in DC. 

2. Compared to moving iron this type of meter are costly. 

3 . With the common error (friction and temperature) the aging error due to the their spring and 
permanent magnet is occurred. 

7.16. DYNAMO METER TYPE MOVING COIL INSTRUMENTS 

The construction of this type of meters are as same like the permanent magnet meter but Instead 
of permanent magnet there are two fixed coils fixed as shown in the figure. The coils are air cores 
because to avoid the hysteresis effect when the meter is operated in alternating current. This type of 
meter may be used as Ammeter or voltmeter. Mostly this type of meter used as voltmeter. 

Fixed coils and moving coils are connected in series of parallel of it necessity. 

Two Hairsprings are used to Induced controlling torque and also carry the current to the moving 
coil. Air damping is used to damping torque. Some time eddy current damping are used. 
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Fig. 7.16. 

When the meter used as Ammeter the load current or the part of the load current passes through 
the coil,. When the meter used as voltmeter the current proportional to the voltage is posses through 
the coil. The current induces the Deflecting torque. 

This deflecting torque is proportional to the square of the current passes through it. So this type of 
meters are used in alternating and direct current. The scales are not uniform if the meter is used as 
ammeter or voltmeter particularly crowded nears zero. 

Because of the air core the field strength is very low. More coil turns is necessary to induce for 
particular deflecting torque. And so for the hairspring is very thin the very small amount of current can 
be send through the coil. So more turns of coil are necessary. The above two factors the weight of the 
moving part is increased and the friction increased compared to other meter. The sensitivity is very low 
due to torque / weight ratio. 

This type of meters is very costly. There in no eddy current and hysteresis error upto 10 A 
Ammeter and 600 V Voltmeter are manufacture with high sensitivity. 

7.17. MOVING IRON INSTRUMENTS 

The are two type 

1. Attraction type 

2. Repulsion type 

7.17.1. Attraction type 

This type of instruments is operated in the principle of Iron piece in attracted by a magnet. As 
shown in the figure when current passes through a coil a magnetic field is induced. An oval shaped soft 
iron piece is fixed in a spindle, which is fixed in between two bearings near the coil . As a pointer is fixed 
in the spindle when the soft iron moves towards the magnetic field the pointer moves on the scale. The 
deflection of the pointer depends upon the coil current. Though the current is in any direction in the coil 
the iron moves only towards the magnetic field. So this type of instrument is used both in AC and DC. 

This figure shows the air friction damping and gravity control is used in this type. 
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Fig. 7.17.2. 



7.17.2. Repulsion Type 

The construction of the instrument is shown in the figure. Two soft iron pieces are fixed in parallel 
in centre of the coil. In it one piece is fixed and the other is movable. This movable piece is fixed with 
the spindle. 

When this instrument is used as an Ammeter, these iron pieces are magnetised with same pole 
effect by the load current passes through the coil . 

When this instrument is used as a voltmeter these iron pieces are magnetised with same pole effect 
by the current proportional to the circuit voltage. 

These iron pieces are magnetised as the pole on the top and south pole the bottom. Due to the 
same pole effect, as by the repulsion principle the moving iron is repulled by the fixed iron. This 
depletion depends upon the coil current. 
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Fig.7.17.2. 
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As the moving iron is fixed with the spindle, the pointer moves on the scale when the spindle 
moves. Though the current is in any direction the iron pieces are magnetised with same pole effect. So 
the spindle rotates regularly in one direction. So, this instrument is used in both AC and DC. 

If plates are used instead of iron piece, the measurements are accurate. This figure shows that 
damping torque is got from air friction damping. The controlling torque is got from gravity contro I . 

7.17.3. Errors in moving Iron Instruments 

Generally two types of errors occur in this type of instrument. 

1 . Errors due to direct current and Alternative current. 

2. Error only due to AC. 

1. Error occurs due to AC / DC 

(i) Due to Hysteresis lose in the moving iron the measurements differ. To avoid this hysteresis loses, 
the low hysteresis loss metals such as Mumetal and Permallay C are used. 

(ii) Due to stray magnetic field the measurements are not shown accurately. To avoid it, magnetic 
screening is formed using metal seal. 

2. Errors due to AC only 

(i) Frequency error occurs normally due to AC. As the frequency changes the impedence of the coil 
changes. And the amount of eddy current changes. 

(ii) Due to these change errors occurs to avoid this error a capacitor equal to the coil resistance is 
connected with the circuit. 

7.17.4. Advantages 

(i) High deflecting Torque. 

(ii) Used both in AC and DC 

(iii) It is cheaper and reliable 

(iv) It is suitable to be used in high capacity and in low frequency. 

(v) As the moving parts don't need current this instrument is robust. 

Disadvantages 

(i) Hysteriesis lose and stray magnetic loss occurs. 

(ii) The scales are not uniform 

(iii) While used in AC supply. 

The frequency in which it is calibrated, it works accurately. 
(iv) As the heat increases, the stiffness of the hairspring reduces. 
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7.18. EXTENSION OF INSTRUMENTS RANGE 
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Fig.7.1.8. 

The measuring range of Instrument in due to the current carrying capacity of the coil to extent the 
measuring range the current carrying capacity in increased. 

After manufacture the Instrument it is not possible to change the coil. So to extent the measuring 
range shunt, multipliers, dividers, current transformers and potential transformers are connected externally. 
The scale of the Instruments are changed with calibrated new one when External Equipment connected 
for extension shunt means a low resistance metal strip. The strip is used to extent the range of ammeter 
and connected is parallel as shown in figure. 

The shunt resistance are used extent the measuring range of Ammeter. The shunt resistance 
diverts most of the time current though it and above small quantity of current through the Ammeter (Vi) 
they are plate or tabular shaped. The temperature coefficient must very low for shunt resistance. 

Multiplier used to extent the measuring the range of voltmeter. The multipliers are connected in 
series with the meter and it has resistance without Impedance. 

The multiplier value is should be constant at any temperature change. So the multipliers tempera- 
ture coefficient is must be at low. 

7.19. MEASUREMENT OF RESISTANCE 

The resistance are classified by Low resistance, Medium resistance and High resistance. 

7.19.1. Low resistance 

One ohm and below the value are called low resistance. Armature, series field resistance, Amme- 
ter shunt, and cable length are the example of Low resistance. 

So measure the low resistance the following methods are used. 

1) Ammeter Voltmeter method. 

2) Potentio meter method. 

3) Kelvin's double bridge method. 
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7.19.2. Ammeter and voltmeter method 




O 






Fig. 7.19.2. 

The ammeter and voltmeter are connected in series and parallel with the unknown resistance. The 
unknown resistance is calculated by the meter reading with use of Ohms law. 

Resistance (R) = Voltage (V) 

Ampere (I) 

By changing the resistance near to the Battery and five of six voltage and current readings are 
taken then, ohm's law used to find the unknown resistance. 



7.19.3. Potentio meter method 
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Fig . 7.19.3. 



In this method a standard resistance is connected in series to the unknown resistance. The volt- 
meter measure the voltage across to the unknown and standard resistance. 

The value of unknown resistance is calculated by the given formula. 

= Unknown Resistance (X) 



Ratio (1) 
Ratio (2) 
Ratio (1) 



Standard Resistance (S) 
Voltage across unknown Resistance (X) 
Voltage across standard Resistance (S) 
Ratio (2) 
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7.19.4. Wheat stone Bridge method 



This method is very accurate. The P, Q, R and unknown resistance X is connected as shown in the 
figure. The R is variable resistance. The variable supply voltage is connected to the point Aand C. The 
Galvano meter is connected between the terminal B and D. The Galvano meter is pointed at Null point 
by changing the voltage and variable resistance. At null point the current through the arm A to B and C 
to D is equal. So the potential different between A to B is 



Current x Resistance 



I,xP. 
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Fig. 7.19.4. 

as the same. A to D the potential different. 
= Current x Resistance 

I z xR 
Potential Different at Ato B = Potential Different at Ato D. 

I 2 R. 
L 



V 



Hence 



Hence 



P 
R 

x 



I, 



(i) 

(2) 



I 



In the equation ( 1 ) and (2)—— is equal 
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7.20. OHM METER (MEDIUM RESISTANCE) 

The range between one ohm to 1 00 k ohm are called medium resistance. They are measured by 

ohm meter. 

Ohm meter is used to measure the Resistance, Current, Voltage and Continuity of the electric 
wires directly. 



7.20.1. Series Type Ohm meter 



X 



rri 



M 



<£, 



A 



^J^ 



0t 



T 



n 



+ 



hi 



Fig 7.20.1. 

Fig shows the circuit diagram of series type ohm meter. In this, a galvano meter is parallely connected 
to the rheostat 1L, and this setup is connected to the resistor R t in series. This circuit is connected to the 
point AB through a battery for measuring the value of resistance connected across the point AB. When 
the supply is given from the battery, the current will flow through the galvanometer and the pointer i s 
deflected to show the readings. If the circuit is opened, there is no current flow in the galvanometer and 
the pointer is in zero position. This is denoted as a . The voltage of the battery is reduced depending 
upon the usage. 

7.20.2. Shunt type Ohm meter 

In this circuit, galvanometer is connected to the rheostat R, and battery E in series connection. The 
terminals of the galvanometer is connected to the unknown resistance. When the point AB is short 
circuited, then Rx = and the current flowing through the galvanometer is zero. If AB is opened, the 
whole current will flow through the galvanometer. This type of meters are used to measure the low 
resistance value. 
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Fig. 7.20.2. 
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7.21. MEGGER (HIGH RESISTANCE) 




Fig. 7.21. 

The range above 1 00 k ohm called high resistance. They are measured by megger. Insulation 
resistance, radio, amplifier, television and electronics appliances have this type of high resistance. 

Meggar is used to measure high resistance and system insulation resistance. Meggar is an improved 
ohm-meter with a built in generator that is hand driven. The construction details are shown in figure. 

Construction 

It consists of two pairs of permanent, one set for ohm-meter side and the other for the generator 
and also consists of three coils known as (i) Current coil (deflection coil), (ii) Pressure coil (control coil) 
and (iii) Compensating coil. These coils are mounted rigidly and pivoted to control shaft and they are 
free to rotate. The current coil is short circuiting. The compensated coil is provided to give better scale 
proportions. Hence these two main coils, current coil and pressure coil, are connected in parallel 
across the small generator mounted in the instrument. Both these coils are in the field of special permanent 
magnet provided to shunt leakage current over the test terminals without passing through current coil of 
the instrument. Thus it eliminates errors due to leakage quantity given at moment of measurement. 

Example: Ammeter, Voltmeter, Wattmeter. 

Working principle 

The unknown resistance is connected between the terminals T and E (Line and Earth). The generator 
handle is then steadily turned at uniform speed. There is a slip mechanism in the drive which ensures a 
limited speed. 

When the resistance value is small, the current through the deflection coil will be high, its deflecting 
torque will be very high and hence the pointer will move to the extreme clockwise position indicating ' ' 
or very low resistance value. 

When the resistance value is high, the current through the current coil is high, its deflecting torque 
will be very high and the pointer will be taken to the extreme anticlockwise position, indicating infinity or 
very high resistance value. 
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7.22. Multi meter 

This type of meter measures High resistance, DC current, DC voltage AC voltage with different 
measuring range. So this meter called as multimeter. The unknown resistance is fixed in between the 
test probe its shows the resistive value. The scale is marked for every extension and Electrical quantity. 
The Rotating switch of separate testing plugs selects the Different Extension and Electrical quantity. 




S 



IOM 



o 



DC ™ A 1000 
U150 Q 
25£ 

Qo O 

^ 50 
Q25Q 



500 

o 

250 

Qo 
Oo 



Fig.7.22. 



7.23. WATT METERS 



The product of Ampere and voltage is power. So in watt meter there is two coils are current coil 
and the other is pressure coil. The current coil is connected in series and pressure coil is in parallel to 
the circuit. 

Watt meters are three types 

1) Dynamo meter type. 

2) Induction type. 

3) Electro static type. 

7.23.1. Induction type 

This type of meter function as Induction Ammeter and Induction voltmeter. They are function only 
is alternating current. The construction is shown in the figure. 

A Rotating Aluminium disc is fixed between two laminated core magnet. The pressure coil is 
wound in the top magnet. In the coil there is a current proportional to the voltage is flows: 

In the bottom of the Disc an current coil is wounded over the laminated core magnet. And load 
current is passes through the coil. Both the electro magnets induce magnetic field. This magnetic field 
induces as current flow in the Disc. Because of the disc is a closed circuit there is an eddy current flows 
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in it and a magnetic field induced by the Eddy current. This magnetic field repulses each other and 
deflecting torque is induced. 




Load 



7.24. TONG TESTER 

To measure the current passing through high voltage circuits or transmission linse ammeter can not 
be used directly. Because, to connect the ammeter along the path of the current, the transmission line 
has be cut at a point and then the ammeter has to be connected in between the open line. Once the 
testing is over the line has to be rewired. This is not an efficient or feasible method. Tong tester is helpful 
in measuring the current through a line without cutting it open. The core of the Tong tester can be 
opened and the heavy current carrying line is feeder inside and the core is closed tight as shown in the 
figure. With the help of ammeter connected to the handle of the tong tester, the current flowing through 
the line can be calculated. It is also called as clip-on type meter. This is also used to measure high 
voltage across any two points. 

, CURRENT CARRYING 

INSULATED CONDUCTOR 



MAGNETIC FIELD 



— CURRENT READING 




TONG-TESTER 



Fig. 7.24 
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7.25. TECCO METER 

Measurement of speed: Speed is defined as a scalar quantity. Electricians must know howto 
measure the speed of rotating electrical machines. The speed of rotating machines is measured in two 
ways. 

Direct method (contact method) 

Indirect (non-contact) method 

In practice both the methods are being used by electricians. 

In the direct method two types of instruments as stated below are used for measuring speeds. 

Revolution counter and stopwatch 

Tachometer 

Revolution counters: Revolution counters are of two types; one is a dial type counter, which is 
an earlier version and has become obsolete. The other type is a digital counter which is shown in Fig 
7.25.1. The spindle of the counter which is provided with a conical rubber bush is placed in the 
countersunk portion of the machine shaft for measuring speed. The revolution counter counts the number 
of revolution as long as its rubber brush is in contact with the shaft. To get the revolution per minute, it 
is necessary to have a timing device. 
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Fig. 7.25.1. 

Hence to measure the speed of the rotating shaft with the revolution counter, a stopwatch is also 
necessary. Just when the rotation of the shaft speed is transferred through friction to the counter, the 
stopwatch begins to tick. Both the revolution counter and the stopwatch are stopped at the same time 
and the number of revolutions indicated in the counter per minute gives the speed of the shaft in r. p. m. 
The accuracy of this method is not very great, as human reflexes are involved. 
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Motor 
Tachometer- 




Measuring the speed by using tachometer 



Fig. 7.25.2. 

The second instrument used for direct measurement of speed is a tachometer as shown in Fig 
7.25.2 The speed is directly shown by a needle over a calibrated dial. 

The tachometer is used in the same way as that of the revolution counter except that a stopwatch 
is not required. 

7.26. ENERGY METER 

They are of two types 
1 . Single phase energy meter 
7.26.1. Single phase energy meter 

a) Induction type single phase energy meter 
There are four main parts of the 



2 . Three phase energy meter 



operating 
mechanisms. They are, 

1) Driving system 

2) Moving system 

3) Braking system 

4) Registering system 



Pressure coil 
(Shunt Magnet) 



Gear Train 
recording mechanism 



Fig. 7.26.1. 
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1. Driving system 

The driving system of the meter consists of two electromagnets. They are, Series magnet, Shunt 
magnet 

The cores of the electromagnets are made up of silicon steel laminations. The coil of series magnet 
is excited by the load current and it is called as current coil. The coil of shunt magnet is connected 
across the supply and therefore, carries a current proportional to the supply voltage and is called as 
pressure coil. 

Copper shading bands are provided on the central links of the shunt magnet. The positions of 
these bands are adjustable. The function of these bands is to bring the flux produced by the pressure 
coil current to 90° from voltage. The two copper bands which are in outer limbs of the shunt magnet are 
for fiction compensation. 

2. Moving system 

This system consists of an aluminium disc mounted on (shaft) light alloy shaft. This disc is positioned 
in the air gap between series and shunt magnets. The shaft top end is engaged in a bearing cup and the 
shaft rests and runs on a hardened steel pivot, screwed at the base of the shaft. The pivot is supported 
by ajewel bearing. The threaded portion on top of the shaft will engage apinion on the energy recording 
mechanism. 

3.Breaking system 

A permanent magnet positioned near the edge of the aluminium disc forms the breaking system. 
The disc moves in the field of the magnet and thus provides a breaking torque. The position of the 
permanent magnet can be adjusted so as to adjust or vary the breaking torque. 

4. Registering or counting mechanism 

The function of the registering mechanism is to record continuously a number which is proportional 
to the revolutions made by the moving system and hence the energy in KWh. 

Principle of operation 

The supply voltage is applied across the pressure coil. The pressure coil magnet produces a flux 
<j) d proportional to the supply voltage. This flux includes an eddy current in the disc. Similarly the load 
current I flowthrough the current coil and produce a flux (j^ proportional to the load current. This flux 
also produces eddy current in the disc. Due to interaction of each eddy current with the other flux, there 
is a net driving torque on the aluminium disc. Since the speed of rotation depends on the power at the 
instant. 

7.26.2. (b) Three phase energy meter 

Three phase energy can be measured with a two element energy meter just as in the case of three 
phase power measurement. The fig shows the circuit diagram of 3 phase energy meter. 

There are two discs maintained on the same spindle that drives a single counting gear train and two 
separate brake magnets. Each element is similar in construction to the single phase meter. 
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It is essential that the driving torque of the two elements must be exactly equal to the amount of 
power passing through each element. Thus in addition to normal compensating device attracted to each 
elements, an adjustable magnetic shunt is provided on one or both the elements is made with the 
pressure coils are connected in parallel and the current coils are connected in series in such a manner 
that the torques produced by the two elements oppose each other. The magnetic shunt is adjusted to a 
position where the two torques are exactly equal and opposite and therefore there is no rotation of disc. 




J$ q~ 



M,- Series magnet 
M 2 - Shunt magnet 
M 3 - Break magnet 
A - Copper shading band 



B -Aluminium disc 
PC - Voltage coil 
CC - Current coil 
G - Gear train 



Fig. 7.26.2. 
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Questions 
Part -A 
I. Choose the Correct Answer 

1 ) The frequency of A. C . in India is, 

a) 25 Hz b)60HZ c)50HZ d) 100 HZ 

2) The angular displacement between the phase of a polyphase system is 

a) 1 20 electrical degree b) electrical degree 

c) 90 electrical degree d) 1 80 electrical degree. 

3) In purely Inductive load on a. c the current by 

a) lead -0° b)lag-0° c) lead - 90° d) lag -90° 

4) Current in purely capacitive circuit the voltage by degree electrical. 

a) lead - 0° b)lag-0° c) lead - 90° d) lag -90° 

5) Two watt meter method is used to measure three phase load. 

a) balance load b) unbalanced load 

c) balance and unbalance load d) only Resistive load. 

6) To convert mechanical power into electrical power multiply the power by 

a) 746 b)846 c) 946 d) 646 

7) The power factor of a.c . purely resistive circuit is 
a) 90° lagging b) 90' leading c) 60' leading d) unity. 

8) The permanent magnet moving coil type instruments are best suited for, 

a) A.C. measurement b) D.C. Measurement C) A.C/DC measurement d) frequency 

measurement. 

9) The moving Iron type instruments are suitable for 

a) D.C. Mearuements only b) A.C. measurements only 

c) AC/DC measurement d) Resistance measurement. 

10) Pen used in measuring instruments is, 

a) Indicating Instrument b) Recording Instruments 

c) Integrating Instrument d) None of these. 

1 1 ) Ammeter is connected with load in, 

a) Series b) Parallel c) Series parallel d) None of these. 
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12. Voltmeter is connected in, 

a) Series b) Parallel c) Series Parallel d)Non of these. 

1 3 . Tacho meter is used for measuring 

a) Frequency b) Power c) Voltage d) Speed in RPM. 

1 4. Multi meter is called as, 

a) Wattmeter, b)Tong tester c)AVO meter d) Energy meter. 

Part - B 
II. Answer the following questions in one word 



How many electrical degrees are their in one cycle? 

What is the current and voltage relationship in the purely resistive circuit? 

What is the value of power factor in the purely inductive circuit? 

What is the use of inductance? 

What is the unit of frequency? 

What is the current and voltage relationship R.C. series circuit? 

What is X^ denotes in AC circuit? 

What is X c denotes in AC circuit? 



What is the material generally used for control springs? 

1 0) Can you use the moving coil type meter on a.c. ? 

1 1 ) Which meter the ammeter or voltmeter has high value of resistance? 

12) In which meter having uneven scale? 

1 3) What is the nature of supply which in used in megger? 

1 4) If the terminals of ohm meter are short circuited what will be the reading of the instruments? 

15) How many main coils are there in an energy meter? . 

1 6) Which meter is used for measuring current without cutting live wire? 

Part-C 

III. Answer the following questions in briefly 

1 . What is alternative current? 

2 . What is one cycle? 

3. What is frequency? 
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4 . What in RMS value in AC current? 

5 . What is power factor? 
6). What is impedence? 
7). How X L is calculated? 

8) How is watt meter connected? 

9 . What are the types of measuring instruments? 

1 . Why it is called as moving coil type instruments? 

1 1 . What are the types of moving Iron Instruments? 

1 2 . What is multimeter? 

1 3 . What is the use of tongtester? 

1 4. What is the use of Tachometer? 

Part-D 

IV. Answer the following questions in one page level 

1 ) What are the advantage and disadvantages of AC Current? 

2) Define : - (i) Maximum value (ii) Peak factor (iii) form factor (i v) Average value. 

3) Draw R.L series circuit and explain. 

4) Draw R.Cseries circuit and explain. 

5) Explain (i) Star connection (ii) Delta connection 

6) Explain (i) Voltmeter (ii) Ammeter. 

7) Draw the diagram of three phase energy meter? 

Part-E 

V. Answer the following questions in two page level 

1 ) Drawthe R.L.C. series circuit and explain? 

2) Explain the classification of measuring instruments? 

3 ) Explain the working principle of moving coil Instruments? 

4) Explain the wheat stone bridge method measuring Resistance? 

5) Explain the working principle of single phase energy meter? 
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8. TRANSFORMER 



Introduction 



Generating stations generate electricity at a voltage of 1 1 KV. The generating voltage is limited to 
1 1 KV because higher voltage in generator leads to the problems in providing insulation. But at the 
consumers end most of the AC motors operate on 400 V. The power from the generating station is to 
be brought to the consumers end through transmission and distribution lines. The transmission voltage is 
either 66 KV, 1 1 KV or 23 KV; because a high voltage is desirable for transmitting large quantity of 
electrical power. Transmission of power with high voltage reduces the line current for a given power. 
Such reduction in transmission line current has the following advantages:- 

1 . Less PR less in the transmission line 

2. Less voltage drop in the line 

3 . Efficiency of transmission is increased 

4. Volume of conductor required is less 

Let us assume that the transmission voltage is 1 10 KV. So the voltage of 1 1 KV has to be stepped 
up to 1 1 KV at the generating station. At the receiving end of the transmission line, 1 1 KV has to be 
stopped down to 1 1 KV. This 1 1 KV has to be again stepped down to 400 V before it can be supplied 
to the consumers. 

The device which is used for stepping up or stepping down of voltages is known as transformer. 
They can step up or step down alternative voltage only. This is the basic reason for the adoption of A.C. 
system for generation, transmission and distribution. 

Working Principle of a transformer: 

A transformer is a static (Stationary) apparatus by means of which electric power in one circuit is 
transferred into another circuit without changing the frequency. It operates on the principle of mutual 
induction between two (or more) inductively coupled coils. In its simple form, it consists of two inductive 
coils which are electrically separated but magnetically coupled to a core as shown in fig: 8. 1. If the coil 
is connected to a source of alternating voltage on alternating flux is set up in the laminated core. Most of 
the flux is linked with the other coil. Thus flux is called mutual flux. 



Secondary winding 
~^s — £A £\. 





Core 




Primary winding 



Fig: 8.1. Diagramatic representation of a simple transformer 
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As per Faraday's laws of electromagnetic induction, an EMF is induced in the second coil. If the 
second coil circuit is closed, a current flows in it and thus electric energy is trans forred from the first coil 
to the second coil. The coil which is connected to the a.c. supply is called as Primary winding. The coil 
which is connected to the load is called as Secondary winding. 

The primary winding receives its energy from the alternating source. Depending up on the degree 
of magnetic coupling between the two circuits, energy is transferred from one circuit to the other. 

Constrational Details 

i) The iron core 

ii) Primary and Secondary windings. 

iii) Insulation of windings. 

iv) Tanks, cooling methods, conservations etc. 

As there are no moving parts in a transformer, the construction is simple. The main parts of 
transformer noted above are shown if 




2. H.V. Terminal Bushing 
4. Cooling Tubes 



1 . L. V. Terminal Bushing 
3 . Transformer Tank 
5. Conservator Tank 

Fig 8.2. Important parts of a Transformer 

For the magnetic circuit a core of high permeability silicon steel is used, Each lamination is of 
thickness 0.35 mm to 0.5 mm. There are three types of construction. 

1) Core type 2) Shell type 3) Berry type. 

The berry type construction is basically a shell type construction with magnetic path distributed 
around the windings. This is not commonly used. 
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The primary and secondary windings consists of copper conductors normally of suitable cross — 
sectional area, properly insulated. The number of turns in the winding is fixed based on the voltage. 
There are two main types of windings, concentric cylindrical and sandwich. The coils are circular in 
shape. Varnished cotton or paper is used for insulation. Low voltage windings are placed nearest to the 
core in the concentric winding. Each layer is separated from the other by a small paper, in low output 
transformers. In large transformers, each winding is placed on a separate former. In the sandwich type 
of winding, the two windings are placed in alternate layers. Haifa layer of the low voltage winding is 
placed at the top and bottom. 

Conservator 



Transformer 



Breatner 
Silica gel 



Limb 
Winding 




Transformer Oil 



Limb 



Winding 



Fig 8.3- Conservator and Breather 

Eddy currents in the core and PR losses in the windings produce heat in the transformer. To keep 
down the temperature in the windings, the heat produced has to be removed. Natural air cooling is used 
for small transformers. For large output transformers oil cooling is used. Oil provides insulation, besides 
cooling. The transformer is placed in side the tank. The tank is filled with transfonner oil and sealed. 
The heat is passed to the oil. The oil circulates around the tank by convection and carry the heat to the 
tank walls. One method of increasing the surface area of the tank is to provide vertical tubes on the 
sides of the tank so that oil can circulate through them. Heat dissipation is accelerated. The oil used for 
cooling of transformers is got by refining crude petroleum. This mineral oil has good insulating property. 
In very large transformers effective cooling is achieved by forced oil circulation by pumps. Conservator 
is a separate small cylindrical tank fixed on the top of the transformer tank, to avoid the whole surface 
of the transformer oil to be exposed to atmosphere. The whole of the transformer tank and a part of the 
conservator are filled with oil. The breather is connected on the side of the conservator. Silicagel or 
calcium chloride in the breather (cacl 2 ) absorbs the moisture and allows dry air to enter the tank of the 
transformer. 

Core type Transformer 

A core type transformer is one in which there is one iron path. The windings are wound on two 
opposite limbs. 

The magnetic circuit is made up of laminated iron core. The core is laminated to reduce the eddy 
current loss occurring in the core. Silicon steels are used to reduce the hysteresis loss in the iron core. 
Laminated sheets are insulated from one another by a thick layer of varnish insulation. Presently cold- 
rolled grain-oriented (CRGO) silicon steel laminations are used for cores. Small core type transfonners 
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are made rectangular section core limbs. The core strips are assembled in such a way that the joints in 

alternate layers are staggered so that narrow gaps, through the cross section of the core, are avoided. 

In large output core type transformers, if the cross section of the core is circular, it is economical. 

High-Voltage 
winding ^* ' 




Low Voltage winding 



Fig. 8.4. Core-type 

For a given area, circular cross section gives minimum circumference. This reduces the length of 
the mean turn of the winding and hence the cost of the winding wire. The produce circular cross 
sectional area of limb, the width of each lamination. Must be made variable (refer fig 8.5 a). This is 
uneconomical. To overcome this, the core section is arranged in steps of three different widths (refer fig 
8.5. b) 





Fig. 8.5 

a) Core cross section laminations of variable widths. 

b) Core cross section laminations with three different widths. 

Shell Type Transformer :- 



H-v Winding 



Flux poth 



Fig. 8.6. Shell -Type 
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In shall type, there are two parallel magnetic paths into which the flux the central limb can 



divide. 



The primary and secondary windings are placed on the central limb one above the other. This 
gives abetter magnetic coupling. The magnetic circuit is made of laminated iron core. In a shell type 
transformer, the core surrounds the windings. In general the shell type is more economical for low 
voltage transformers and the core type construction is more suited for high voltage transformers. 

Coil assembly 

For a given area, to have minimum periphery so as to reduce the cost of winding wire and for easy 
construction. Cylindrical coils are used. Astopped core is used. The core laminations are bolted together. 
The bolts are insulated from the core to avoid eddy currents by employing Synthetic Resin Bonded 
Paper (SRBP) tubes. In each limb, a stiffening plate is used to prevent bulging of laminations between 
bolts. Surrounding the limb, SRBP cylinder is placed. This supports the L.V. winding is provided near 
the core, to reduce the heavy insulation. Spacers are provided between L.V. and H. V. windings. Thus 
cooling ducts are formed. This ensures free flow of coils. L.V. and H.V windings are insulated from 
each other by bakelite cylinders. The bottom yokes have clamping channels. 

The entire core is first built up. The top yoke is pulledout one by one. The already wound L.V. and 
H.V windings are placed over the limbs along with insulating cylinders. The top yoke is then put in 
position and clamped. 

EMF Equation of a Transformer: 

Let a transformer have, 

Primary turns ~ N 1 

Secondary turns ~ N2 

Maximum value of flux in the core linking both the windings = ? m in webers 

Frequency of a.c input in H.Z = f. 

The flux in the core will very sinusoidally as shows in figure 8.7. 




Fig. 8.7. 
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The flux in the core increases from zero to a maximum value ? m in one quarter cycle 
( ] A second) 

There fore, Average rate of change of flux = § m = .~, 



4f 

Therefore, Average e.m.f. induced 

Per turn = Average rate of change of flux x 1 . 

= 4f $ m volts. 

The flux varies sinusoidally. Hence the r.m.s. value of induced voltage is obtained by multiplying 
the average value by form factor, which is equal to 1 . 1 1 for a sine wave. 

There fore R.M.S. value of induced e.m.f. 

Per turn= 1.11 x4(h m volts. 

= 4.44f<b volts. 

<m 

The primary and secondary windings have N, and N 2 turns respectively. 

R.M.S. value of induced R.M.F. in primary. El=4.44 f ^N, 

R.M.S. value of induced e.m.f. in secondary, E2 = 4.44 f <j> m N 2 

In an ideal transformer on no load, 

Applied voltage V, = E, 

Secondary terminal voltage V 2 = E 2 

Voltage Ratio 

The ratio of secondary voltage to primary voltage is called voltage transformation ratio. It is 
represented K. 

E V N 
Current Ratio ' ' ] 

Neglecting the losses, Input volt ampere = output- volt ampere. V I = V I 



11 2 2 



Losses in a Transformer 

The losses in a transformer consists of PR loss or copper loss and iron loss or core 

loss. 
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PR losses or copper losses 

These losses occur is primary and secondary windings. Copper losses in a transformer is a variab le 
loss. It varies as the square of the load current. 

Iron loss or core loss 

Iron losses consists of hysteresis and eddy current losses. They occur in the transformer core due 
to the alternating flux. 

Hysteresis loss : When the iron core is subjected to alternating flux hysteresis loss takes place. 

Eddy current loss : Eddy currents are induced in the cores. This loss is due to the flow of eddy 
currents. Thin laminations insulated from each other, reduce the eddy current loss. 

Efficiency of the transformers : 

The efficiency of a transformer is the ratio of output power to input power. 
Output power 



Efficiency, n 



Input power 

Output power 



Output power + losses 

Auto transformer : 

An auto transformer is a one winding transformer Consider a single winding BC of N , turns 
wound on an iron core as shown in Fig : 8.8. 




Fig : 8.8 Step Down auto Transformer 

If this winding is connected to an a.c. voltage V,, a flux will be set up in the core and an e.m.f 
E, will be induced in the winding. If there is a tapping at point E such that 

There are N 2 turns between E and C on e.m.f. E 2 exists between E and C such that 



TV 



E 2 N 2 



when a load is connected across the terminals E and C, a current L flows. The 



m.m.f. due to I will be balanced by m.m.f. due to I . This arrangement is referred to as an auto transformer. 
If point E is a sliding contact, a continuously variable output voltage can be made available. 
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Step down auto transformer:- 

Fig : 8.8. shows a step down auto transformer. V 2 is less than the input voltage. If core loss, 
Copperloss, magnetizing current and leakage reactance core neglected, 

Vx '2 N, 



V 2 /, N, 

The current I 2 is greater than I, . The distribution of currents are indicated in Fig : 8 .8. 

The voltampore delivered to load is VI. This may be written as V 2 I 2 = VJj + V, (I 2 -Ij) 

VJ, gives the voftamperes transferred conductively to the load through the winding part BE and 
V, (I 2 -I, ) represents the voltamperes transferred inductively to the load through the winding part EC. 

Advantages : 

When comparing with 2 winding transformer. 

1 . Copper required is very less. 

2. The efficiency is higher. 

3. The saving in conductor material and hence cost is less. 

4. More smooth and continuous variation of voltage. 

Disadvantages :- 

I) Direct link between high voltage and low voltage sides. There is no isolation, as in the case 
of a two winding transformer. 

ii) If there is an open circuit between points E and C ( Fig: 8.8) the full primary voltage would 
be applied to the load on the secondary side. 

iii) The short circuit current is greater than, that of a two winding transformer. 

Applications of Auto Transformer : 

1 ) As a bo oster of supp ly voltage a small extent . 

2) Three phase auto transformers are used to starting A.C. 3 phase induction motor. 

3) It can be used to vary the voltage to the load. Smoothly from zero to the rated voltage. 

4) Three phase auto transformers are used in the inter connection of girds. Example 1 3 2 KV grid 
with 220 KV grid. 

Three Phase Transformer : 

Electric power is generated in generating stations, using three phase alternators at 1 1 KV. This 
voltage is further stepped up to 66 KV, 110 KV, 230 KV or 400 KV using 3 phase power transformers 
and power is transmitted at this high voltage through transmission lines. At the receiving substations, 
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these high voltages are stopped down by 3 phase transformers to 1 1 KV. This is further stepped down 
to 400 volts at load centres by means of distribution transformers. For generation, transmission and 
distribution, 3 phase system is economical. Therefore 3 phase transformers are very essential for the 
above purpose. The sectional view of a 3 phase power transformer is shown in Fig : 8.9. 



1 . Tap-changer switch handle 

2 . Porcelain-bushing insulator 








(For high voltage) 




3. 


Bushing insulators 


? 




(For low voltages) 
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4. 


Oil gauge 




5. 


Oil tank 




6. 


Breather plug 
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7. 


Cooling pipes 


10 


8. 


Tank front wall 


a 


9. 


Core, 




10. 


High voltage winding 




11. 


Low voltage winding 




12. 


Wheels or rollers. 



Fig 8.9 100 KVA oil immersed power transformer 
Construction of Three phase Transformer 

Three phase transformers comprise of three primary and three secondary windings. They are 
wound over the laminated core as we have seen in single phase transformers. Three phase transformers 
are also of core type or shell type as in single phase transformers. The basic principle of a three phase 
transformer. Is illustrated in fig. 8. 1 in which only the primary windings are shown. They are inter 
connected in star and put across three phase supply. 




Fig 8.10 : 3-phase core-type Transformer 
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The three cores are 120° apart and their unwound limbs are shown in contact with each other. The 
centre core formed by these three limbs, carries the flux produced by the three phase currents 1 I and 
I B . As at any instant I R +I Y +I B =0 ; the sum of three fluxes (flux in the centre limb) is also zero. Therefore 
it will make no difference if the common limb is removed. 

The core type transformers are usually wound with circular cylindrical coils. The construction and 
assembly of laminations and yoke of a three phase core type transformer is shown in fig : 8. 1 1 . one 
method of arrangement of windings in a three phase transformer is shown in fig: 8.12. In this fig, the 
primary windings occupy the bottom portion of each limb. 




Fig. 8.11 




Fig. 8.12 



In the other method the primary and secondary windings are wound one over the other in each 
limb. The low-tension windings are wound directly over the core but are, of course, insulated for it. The 
high tension windings are wound over the low - tension windings and adequate insulation is provided 
between the two windings. 

The primary and secondary windings of the three phase transformer can also be interconnected as 
star or Dalta. 

Three Phase Transformer connections :- 

The identical single phase transformers can be suitably inter-connected and used instead of a 
single unit 3-phase transformer. The single unit 3 phase transformer is housed in a single tank. But the 
transformer bank is made up of three separate single phase transformers each with its own, tanks and 
bushings. This method is preferred in mines and high altitude power stations because transportation 
becomes easier. Bank method is adopted also when the voltage involved is high because it is easier to 
provide proper insulation in each single phase transformer. 

As compared to a bank of single phase transformers, the main advantages of a single unit 
3-phase transformer are that it occupies less floor space for equal rating, less weight costs about 20% 
less and further that only one unit is to be handled and connected. 

There are various methods available for transforming 3 phase voltages to higher or lower 3 
phase voltages. The most common connections are (i) star - star (ii) Delta - Delta (iii) Star -Delta (iv) 
Delta- Star. 
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Fig. 8.13 Star-Star Fig. 8.14 Delta - Delta 



Fig. 8.15 Star- Delta 



Fig. -8.16 Delta -Star 



The star-star connection is most economical for small, high voltage transformers because the 
number of turns per phase and the amount of insulation required is rninimum (as phase voltage is only 
1 /3 of line voltage. In fig: 8 . 1 3 a bank of three transformers connected in star on both the primary and 
the secondary sides is shown. The ratio of line voltages on the primary to the secondary sides is the 
same as a transformation ratio of eacts single phase transformer. 

The delta -delta connection is economical for large capacity, low voltage transformers in which 
insulation problem is not a serious one. The transformer connection are as shown in fig : 8. 1 4. 

The main use of star-delta connection is at the substation end of the transmission line where the 
voltage is to be stepped down. The primary winding is star connected with grounded neutral as shown 
in Fig : 8. 1 5. The ratio between the secondary and primary line voltage is 1/3 times the transformation 
ratio of each single phase transformer. There is a 30° shift between the primary and secondary line 
voltages which means that a star-delta transformer bank cannot be paralleled with either a star-star or 
a delta-delta bank. 

Delta- Star connection is generally employed where it is necessary to step up the voltage. The 
connection is shown in fig: 8.16. The neutral of the secondary is grounded for providing 3-phase, 
4-wire service. The connection is very popular because it can be used to serve both the 3-phase power 
equipment and single phase lighting circuits. 

Parallel Operation of Transformers 

For supplying a load in excess of the rating of an existing transformer, a second transformer may 
be connected in parallel with it to share the total load. 
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Fig : 8.17 Transformers connected in 

parallel to the same mains and supplying 

independent loads 



Fig : 8. 18 Transformers connected in 
parallel sharing total load 
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In parallel across a supply system of proper voltage, and their secondaries are connected to 
separate or independent circuits as in Fig : 8 . 1 7 . they operate independently of each other. When the 
secondaries are also connected in parallel as in Fig : 8 . 1 8, the transformers must have the same rated 
primary and secondary voltages. Otherwise the secondary emfs will be unequal, and a current will 
circulate between the machines, This current is to be limited only by the impedance of their windings. 
Since this impedance is small, such a light difference in secondary EMF will cause a large current to 
circulate. Therefore in connecting two or more than two transformers in parallel, it is essential that their 
terminals of similar polarities are joined to the same bus bars. 

In order that the transformers may properly divide the load, the impedance drop in each must be 
the same at all loads. Thus each transformer must have the same percentage impedance. In general 
transformers will share the load inversely proportional to their respective impedances. For instance, if 
two transformers of the same rated KVA are to equally divide the load, they should have the same 
impedance. If one has twice the KVArating of the other, it should supply twice the current, (the impedance 
of the higher rating transformer should have lower value compared to the other, because voltage drops 
should be same in both the transformers). 

Conditions for satisfactory parallel Operation: 

The following conditions should be fulfilled for the satisfactory parallel operation of transformers. 

1 ) Polarity of transformers should be same. In case polarity is wrong, a dead short circuit may 
occur. 

2) Equal voltage ratio is required to avoid local circulating currents between the transformer 
windings. With unequal voltage ratios, the secondary voltages on no-load will not be equal. 
When secondaries are connected in parallel, circulating current will flow. 

3) The percentage impedance (Percentage voltage drop due to impedance of winding) of the 
transformer should be equal. For paralling 3 . phase transformers in addition to the above 
points, the following conditions must also be fulfilled. 

4) In case of 3 phase transformers, phase sequence should be same. 

5) The transformers to be connected in parallel should belong to the same vector group. 

Instruments Transformers 

In D.C. circuits when high voltages are to be measured, low-range voltmeters are used with a high 
resistance connected in series with them. For measuring large currents, it is usual to use low range 
ammeters with suitable shunts. But in alternating current systems of high and moderate voltage, meter 
relays and other instruments are not usually connected directly to the power circuit. For this purpose, 
specially constructed instrument transformers known as are employed. By means of these transformers 
ordinary instruments of 1 50 Volts potential and 5 ampere current coils can be used to indicate accurately 
the voltage, current and power etc., in such circuits regardless of the line voltage or of the current they 
carry. Also low energy relays can be employed to operate protective and control apparatus. 
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Potential Transformers 



11KV 




Load 



Ground 



Fig. 8.19 Potential Transformer 

Potential transformers do not differ much from the ordinary two winding transformers, except that 
their power rating is extremely small. These are step down transformers. The primary winding is connected 
directly across the power circuit. The secondary is usually wound for 1 1 or 1 20 volts, so that the 
voltage ratio depends upon the rated primary voltage. Meters and instruments are connected in the 
secondary side. 

Fig ; 8.19 represents a potential transformer connected to a 1 1KV line. Its voltage rating is 1 1 000 
to llOVoraratio of 100:1. Thus the 150 V. voltmeter will indicate 110 volts or l/100 th oftheline 
voltage, or the voltmeter scale can be multiplied by the transformer ratio. In some voltmeters its scale is 
calibrated to show the primary voltage directly. Thus the 1 50V range voltmeter indicates the line voltage 
directly. The secondary always should be grounded at one point to eliminate "static" from the instrument 
and further to ensure safety to the operator. 

Current Transformers 

The current transformer has a primary coil of only a ' few turns of thick wire connected in series 
with the line whose current is to be measured. The secondary consisting large number of turns is 
connected to the terminals of a low reading ammeter. The ammeter is thus entirely insulated from the 
line. Mostly the secondaries of all current transformers are wound for 5 ampers. Therefore the current, 
or transformation ratio is determined by the current rating of the power circuit. 
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or Cable 
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Fig : 8.20 Current Transformer 
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In Fig: 8.19 current transformer also is connected to measure the current in the 1 1 KV power 
system Assume there are 2 turns in the primary and 200 turns in the secondary. The current "ratio" in 
the transformer is 200:2 or 100: 1 (reverse of turns ratio). If the line current is 500 amperes the meter 
will indicate 5 amperes. If the scale of the meter is marked suitably, it indicate the line current directly. 

Fig: 8 .20 shows how the large current through a bus-bar is measured by a current transformer. If 
the secondary of a current transformer becomes open circuited, a high voltage will exist across the 
secondary because the large ratio of secondary to primary turns causes the transformer to act as a 
stepup transformer which is dangerous to the operator. Therefore, the secondary of a current transformer 
should not be open circuited under any circumstances. 

Protective Devices of Transformer 

The protective devices in an oil cooled power transformer are discussed below: 

1) Conservator 

Transformer oil losses its insulating properties and is oxidised when it is in contract with the 
atmosphere. For this reason, the oil must not come in direct contract with the air outside. Conservators 
or oil expansion chambers are provided to prevent this absorption. 

The conservator is a cylindrical verssel. It is fitted on the top of the tank. The tank is entirely filled 
up with oil. The conservator is filled with oil partly, (about 50%). The transformer oil gets heated due to 
the losses in a transformer. The volume increases due to heat and the level of oil in conservation increases. 
Air is expelled from the conservator through the breather. When the oil cools down, the volume decreases 
and the level of the oil in the conservator comes down. This is referred to as "breathing' 1 . The oil surface 
in the conservator is only exposed to oxidation. The sludge is thus confined to the oil surface in the 
conservator. If there is no conservator the sludge will stick to the cooling tubes. This will spoil the 
cooling effect. 

ii) Breather 

The breather is a small vessel. It is connected between conservator and air outlet. It contains 
silicagel. It is a dehydrating agent. The moisture is the incoming air is removed. The colour of the 
silicagel is blue when dry and pink when wet or damp. 

iii) Explosion Vent 

In the event of an accidental internal short circuit in the transformer, an arc is formed between the 
turns of the winding. Heat is produced by the arc. Due to this, a large volume of gas is produced. 
Provision must be made for rapid release of the gas. Otherwise high pressure will be builtup inside 
leading to the lip of the tank blown off. An explosion vent is provided, this reason on the tap of the tank. 
The explosion vent's mouth is covered by a diaphragon of glass or aluminium. Under normal conditions 
air is not allowed to come in contract with the oil. Under short circuit conditions. The diaphragon is 
ruptured due to high pressure. The gas is expelled to atmosphere. The high pressure gas escaping, may 
take a portion of the hot oil also. The hot oil may get splashed and cause injury to the workers in the 
transformer yard. For this reason it is bent downwards. 
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(iv) Bucholz Relay: 



Spherical float 




Spherical 
float 



Fig. 8.21. Bucholz Relay 



This is a device which be attached to an oil immersed transformer. This is fitted inthepipe connecting 
the transformer tank with the conservator. 

It consists of two floats as shown in Fig : 8.21 . 

Two paris of electrical contracts are provided. These contacts may get short circuited under 
certain situations. 

Gas is generated in the oil when insulation breaks down in a transformer. Quick generation of this 
gas leads to a serious fault. The gas rushes through the pipe and pushes the lower float to the right. The 
two lower contracts bridge together and closes to trip circuit of the circuit breaker. The transformer is 
out of circuit now. Suppose the fault develops slowly gas also is generated slowly. This may not be 
sufficient to move the lower float. This gas gets collected gradually in the top of the relay chamber. The 
oil level gets lowered. This causes the upper float to sink. It finally closes the second pair of contacts . 
This trips of circuit breaker or it may be arranged to ring an alarm bell. A fault can thus be detected and 
the transformer is switched out of circuit. 

Transformer Oil: 

Transformer oil is a mineral oil. It is obtained by refining curde petroleum. It is a good insulator. Its 
tendency to form, a sludge is very much less. The dielectric strength of oil is affected to a great extent by 
the presents of moisture. So it has to be kept dry. Transformer oil serves two functions. 

(i) Cooling (ii) Insulation 
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Questions 
Part -A 
Choose the Correct Answer: 

1 . Transformer operates on the principle of 

a. Self induction b. Mutual Induction 

c. Maxwell's Corck screw rule d. Len's law 

2. Silicagel in the breather absorbs. 

a. Moisture b. Dust c. Heat d. Vibration 

3 . Transformer core is laminated to reduce the 

a. Copper loss b. Wintage loss 

c. Hysteresis loss d. eddy current loss 

4 . Silicon steel sheets are used to reduce the 

a. Frictional loss b. mechanical loss 

c. Hysteresis loss d. eddy current loss 

5 . Potential transformers and current transformers are 

a. Outdoor transformers b. Indoor Transformers 

c. Instrument transformers d. Power Transformers 

6. Conservator is a 

a. Main tank of a transformer b. Protective device of a transformer 

c. Earthing system of transformer d. Insulation material of a transformer 

7 . Transformer oil server the functions of 

a. Insulation and cooling b. Lubrication 

c. Only insulation d. only cooling 

Part-B 
Answer the following questions in one word: 

1 . How many windings are having a 3 (j) transformer? 

2 . Write the name of the variable loss in the transformer 

3 . What type of transformer to be attached the Bucholz Relay? 
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4. What is the colour of Silicagel when it is dry condition? 

5 . Why the transformer oil is heated? 

6 . Write the generating voltage at generation stations . 

7 . What based the number of turns in the winding is fixed? 

Part-C 
Answer the following questions in briefly: 

1 . What are the advantages of transmission of power with high voltage for a given power? 

2 . What is the voltage ratio of a transformer? 

3. State efficiency of the transformer? 

4. What is the advantage of auto transformer? 

5 . What are the protective divices of transformer? 

6 . Write short notes on transformer oil? 

Part-D 
Answer the following questions in one page level 

1 . Explain the working principle of a transformer? 

2 . Explain the operation of an auto transformer? 

3 . Explain how to the Bucholz relay works as a protective device for a transformer? 

Part-E 
Answer the following questions in two page level. 

1 . Explain the connection of three phase transformer? 

2 . Explain the function in instrument transformers 
a) Potential transformer b) current transformer 
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9. D.C. GENERATOR 

D.C. Machines can be used as a generator or as a motor. Hence D.C. Machines are 
classified in to: 

i) D.C. Generator and 

ii) D.C. Motor. 

Basic Principle of DC Generator and Energy Conversion: 

In general, an electrical generator is a rotating machine which converts mechanical energy into 
electrical energy. 

D.C. generators work on the principle of electromagnetic induction. This is explained as follows. 

According to Faraday's Laws of Electro-Magnetic Induction, when a conductor or a coil is rotated 
in a magnetic field in such a way, to cut the magnetic lines of flux, an e.m.f. is induced in a conductor or 
in the coil. If the circuit of the conductor or coil is closed in proper way, a current flows through the 
circuit. The magnitude of induced e.m.f. is proportional to the speed of rotation of the conductor, the 
flux in the magnetic field and the number of conductors or coils connected in series. 

In d.c. generators the conductor or the coils are arranged on a cylindrical rotor called an armature. 
The armature is rotated in the magnetic field so as to cut the magnetic lines of flux. To rotate this 
armature, another rotating device called prime-mover is used. The prime movers used for this energy 
conversion may be water turbine or diesel engine or steam engine. The armature of the d.c. generator 
is driven by mechanical energy applied to its shaft. Thus the mechanical energy is converted in to 
electrical energy. Fig: 9.1. 



Input- 
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Generator 
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Fig. 9.1. Illustration of Energy conversion 

The D.C. machine (D.C. generator or D.C. motor) has the following parts. 

Poles or field poles to produce the magnetic flux. 

An armature with conductors and 

Relative motion between magnetic field and armature conductors. 



In d.c. generators the magnetic field is stationary and the armature rotates. When the armature is 
rotated, the armature conductor cut the magnetic lines of flux, so a dynamically induced e.m.f. is induced 
in the armature. The e.m.f. thus induced in d.c. generator is of alternating one and this is converted in to 
direct e.m.f. by a device known as "Commutator". The Commutator is mounted at the one end of the 
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armature, on the same shaft of the armature. The direction of induced e.m.f. is determined by using 
fleming's right hand rule. 

Constructional Details of Direct Current Machine :- 

A direct current machine can be used as a generator or as a motor. When the machine is driven by 
a prime-mover it converts mechanical energy into electrical energy and is called a generator. If the 
electrical energy is supplied to it, it works as a motor and the energy conversion is from electrical to 
mechanical. There fore the constructional details of a d.c. generator and a d.c. motor are the same. 

A direct current machine (generator or motor) has the following parts: 

1) Yoke or magnetic frame. 

if) Field system - Pole cores, pole shoes, Field coils. 

iif) Armature -Armature core, Armature windings, commutator. 

iv) Brushes, Bearings, End covers, shaft, terminal box, etc. 




l.Yoke 

2. Pole 

3. Pole shoe 

4. Field coil 

5. Inter pole 

6. Airgap 

7. Armature 



8. Slot 

9. Teeth 

10. Commutator 

11. Shaft 

12. Base 

13. Terminal box 

Fig. 9.2. D.C. Machine 



Yoke or magnetic frame: - 

The Yoke or frame is the outer cover of the machine. It is made of cast iron. But for large machines 
usually cost steel or volted steel is employed which has greater strength and high permeability. 
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The Yoke serves two purposes 

1 . It provides Mechanical support to poles acts as a protecting cover for the machine. 

2 . It carries the magnetic flux produced by the poles 




Fig. 9.3. (a) Yoke 



Field Poles: 



Laminated steel sheets are used to fabricate poles. The sheets are stacked for the required length 
and reveted together. The poles are fixed at the inner periphery of the hollow cylindrical frame. One 
each pole a former wound coil is provided. Insulated copper wire is used for the coils. The coils of all 
the poles are connected in such a way to form north and south pole alternatively. These are called field 
poles. When the wise of the coils carries a current, the pole become an electro-magnet and produces 
the magnetic flux. The purpose of providing pole shoes in the poles are, 



Rivet hole 




Laminated 
pole core 



Pole shoe 
Fig. 9.3 (b) Pole 

(i) It act as a mechanical support to the field coils. 

(ii) They reduce the reluctance of the magnetic path and 

(iii) They guide and spread out the flux in the air gap. 

Inter Poles :- 

Inter poles or the commutating poles are fixed to the frame as shown in fig: 9.2. These poles are 
provided to improve commutation. The winding of the interpole is connected in series with armature. 
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Armature: 



Slot 





9.3. (c) Field coil 



Fig. 9.3. (d) Armature lamination 
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and teeth 
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(e) Armature and commutator 
Fig. 9.3. Parts of D.C. Machine 

Armature is the rotating part of the machine. It is in cylindrical shape with slops on its periphery. It 
is built up of steel laminations. It is mounted on the shaft. The armature lamination is about 0.5 mm thick. 
By using laminated sheets to fabricate armature, the eddy current loss is reduced. If silicon content steel 
is used for armature core, the hysteresis loss also reduced. Due to losses (hysteresis, eddy current and 
PR losses)heat is developed in the armature. To dissipate this heat a fan is provided at one end of the 
armature. Ventilating ducts are also provided in the armature for the purpose of cooling. 

Armature Windings: 

The armature winding is placed on slots available on the armature surface. Former wound coils 
are used. The ends of the coils are j ointed with the commutator segments. Insulated high conductivity 
copper wire is used. Lap winding or wave winding is used. 

Commutator: 

The commutator is made up of number of wedge shaped segments. If is of cylindrical shape. It is 
built up of segments of hard drawn copper. The segments are separated by their layers of mica. Each 
commutator segment is connected to the armature conductor by means of a copper strip called riser. In 
d.c. generator the commutator converts the alternating current induced in the armature into unidirectional 
current. 
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Brushes :- 

The brushes are made of carbon. It is in the shape of rectangular block. The brushes are placed in 
brush holder. The brush holders are mounted on rocker arm. The brushes are arranged on rocker arm 
in such a way, it touches the surface of the commutator. The function of a brush is to collect current from 
commutator, in case of generator. When the machine is working as a motor the current to the armature 
conductors are fed through the brushes. 

Bearings:- 

Ball and roller bearings are used. For heavy duty conditions roller bearings are used. 
Generation of electro Motive Force:- 

Consider a magnetic field and a coil of single turn with sliprings as in Fig. 9.4. 




N.S - Magnets 
Cj - Coh 

M - Magnetic field 
S D S 2 - Slip rings 
R L - Load resistance 

Fig. 9.4. 

The coil is provided in between the poles. It is rotated in clockwise diection at a uniform speed in 
a uniform magnetic field. 

At position 1 , (0 = O ), the plane of the oil is perpendicular to the direction of lines of flux. Now, 
the flux linked with the coil is maximum. But the rate of change of flux linkages is minimum. So, no e.m.f. 
is induced in the coil. That is at the starting position, e.m.f. induced is zero. 

When the coil is rotated further, the rate of change of flux linkages increases upto position: 3, (0 = 
90°). At this position the plane of the coil is paralled to the lines of flux. Now, the flux linked with the coil 
is mfnimum, but rate of change of flux linkages is maximum. Therefore, at this position e.m.f. induced in 
the coil is maximum. On further rotation of the coil, from position 3, (0 = 90°) to position 5 (0 = 1 80°) 
the rate of change of flux linkages decreases, and the emf, induced is gradually decreased. At position 
5 (0 = 1 80°) it is reduced to zero. The magnitude of e.m.f. with respect to the coil position is indicate 
in Fig. 9.5. 

From position 5 to position 7 (that is from 1 80° to 270°) the induced e,m.f. value starts again from 
zero to maximum and from position 7 to position 1 . (from 270° to 360°) maximum to zero. 
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e.m.f. 




The direction of induced current in the conductor is from A to B and from C to D during the 
revolution ofthe coil from position 1 to 5. (Applying fieming's right hand rule). In the next half revolution, 
from position 5 to 1 , the direction ofthe induced current is from D to C and from B to A as shown in 
figures. 9.6 (a) and 9.6 (b). 

The variation ofthe magnitude of e.m.f. are similar in both the half revolutions. But the induced 
e.m.f. during the first half revolution is positive and negative in the second half revolution. The current 
reverses its direction after every half revolution thus the quantity generated is an alternating one. 
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Fig. 9.6 (a) 




Fig. 9.6. (b) 



ABCD - Coil 
a t b - Split ring, 

Segments 
bjb 2 - Carbon brushes 
R, - Load resistance 



To rectify the alternating quantity and get direct current splittings (Fig. 9.7) are used instead of slip 
rings. By using split rings the current in the external load circuit is maintained in unidirection as shown in 
figures. 9.6 (a) and 9.6(b). The wave from ofthe current (obtained by providing the slip rings) through 
the external is as shown in figure. 9.8. the current thus obtained is unidirectional current but pulsating 
one. 
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Fig. 9.8 (b) 



Fig. 9.7 (a) 

In practical generator, the number of coils are large and are accommodated on the surface of the 
armature. Instead of split rings the commutator (with large number of segments) is provided at the one 
end of the armature. For example if there are two coils. Then the number of commutator of large 
number of segments may be less pulsating as shown in figure. 9.9. 
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Fig. 9.9. 



E.M.F. Equation of D.C, Generator: - 



The e.m.f. generated in a direct current generator is proportional to the speed rotation of the 
armature, total number of armature conductors, total flux available in the field and the type of winding 
adopted in the armature. 

Let, P=No. of poles. 

= flux per pole, in webers. 

Z = total no. of conductors in the armature (number of slots in the armature x number of conductors 
per slot). 

N = Speed of rotation of armature in r.p.m. 

A = No. of parallel paths in armature 

Eg = e.m.f. induced in any parallel path is armature. 

_ 0znxP volts 



The EMF Equation of D.C. generator (Eg) : 

Where, A = P in case of lap wound generator, 
A = 2 in case of wave wound generator. 



60 A 
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Types of D.C. Generators: 

D.C. Generators are classified according to the manner in which their field windings are connected. 
The process of giving D.C. voltage to the field winding for producing magnetic field is called field 
excitation. The generators are classified as follows: 

D.C. generator 



Seperately Excited 
D.C. generator 



Self excited D.C. 
generator 



Series 
Generator 



Shunt 
generator 



Compound 
generator 



Long shunt 
Compound 
Generator 



SEPARATELY EXCITED GENERATORS:- 



Short Shunt 

Compound 

generator 



In this type of generator, the field winding is excited by a separate D.C. source. The schematic 
diagram ofa separately excited D.C. generator is shown in figure. 9.10. 
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Fig. 9.10 Separately excited generator 



SELF EXCITED GENERATORS:- 

In this type of generator, the field winding is excited by the same machine. When the armature is 
rotated some e.m.f. is generated due to the presence of residual magnetism. Thus some induced currents 
is produced and this passes through the field coils. This induced current produce more flux. This action 
is repeated and thereby sufficient current passes through the field coils to generate the rated induced 
EMF. 

The self excited generators are further classified in to three types, according to the way of their 
field winding connections to the armature as follows: 
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1 . Shunt wound generator. 

2 . Series wound generator. And 

3 . Compound wound generator. 

SHUNT WOUND GENERATOR: - 

In this type of generator, the field winding is connected in paralled with the armature terminals. The 
shunt field windings consists of a large number of turns of thin copper wire. Since the field winding is 
connected in parallel, the voltage generated is applied across the terminals. The schematic diagram of a 
shunt generator is shown in figure. 9.11. 

-O 

Armature 




Fig. 9.11 Shunt generator 
SERIES WOUND GENERATOR:- 

In this type of generator the field winding is connected in series with the armature. The field 
winding consists of a few number of turns of thick copper wire because it has to carry full load armature 
current. The schematic diagram of a series generator is shown in figure. 9.12. 



Series Field 




Fig. 9.12. Series generator 
COMPOUND WOUND GENERATOR: - 

Short Shunt connection Long - Shunt connection. 



fWSUo 






Fig. 9.13 Compound generator 



Fig. 9.14 Main pole of a compound 
wound machine 
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In the compound wound generator, the shunt field winding and series field winding connected with 
the armature terminals. Depending up on the shunt field and series field winding connections, it is named 
as long shunt or short shunt generator. The schematic diagram of D.C. compound generator is shown in 
figure. 9. 1 3 . In compound generator, the shunt field winding and the series field winding are placed in 
the main poles as shown in figure. 9.14. 

Armature Reaction: 

In D.C. generators, under looked condition, the armature conductors carry current and produce 
a magnetic field. The effect of this magnetic field set up by the armature current on the distribution of the 
flux under main poles is known as armature reaction. 



Neutral 
Plane 




Neutral 
lane 



Fig. 9.15 

In d.c. machines the brushes are placed along the geometrical neutral axis (GNA). The magnetic 
neutral axis (MNA) is also the same. The geometrical neutral axis is the line which bisects the angle 
between the two adjacent poles. Along the magnetic neutral axis, the flux exisiting is zero. Hence the 
EMF induced in the conductors along this axis is zero. 

Fig. 9.16 (al) shows the flux from the field poles through the armature of a bipolar generator when 
there is no current in the armature conductors. This flux is produced entirely due to the ampere turns of 
the field windings. Moreover it is distributed symmetrically with respect to the polar axis, that is the 
centre line of the N and the S poles. The fig. 9.16 (a2) shows a vector F which represents in magnitude 
and direction of MMF producing this flux. This vector F is acting a right angle to the neutral plan. 
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(bj Current in armature only) 
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Fig. 9. 16 Effect of armature 
reaction on field of generator 



177 



In fig. 9. 16 (bl). There is no current in the field coils, but the armature conductors are shown as 
carrying current. The direction of the current in the armature conductors are shown as if it is loaded. 
The direction of current in all the conductors is the same that lie under one pole. The direction of the 
current is away from the viewer on the left side of the armature. This current direction may be checked 
by fleming's right hand rule. 

The M.M.F. due to these current carrying conductors combine to send the flux downwards through 
the armature, as shown in the diagram b2. (this direction can be determined by cork screw rule). The 
direction of current in the conductors on the right hand side of the armature is shown as coming towards 
the viewer. Their MMF's also combine to send the flux downwards through the armature. That is, the 
MMFs of both sides of the armature combine in such a manner as to send the downwards through the 
armature. The direction of this flux is perpendicular to the polar axis. The armature MMF is represented 
in magnitude and direction by the vector F A in fig. C r 

Fig. 9. 1 6 (CI ) shows the resultant flux lines obtained when both the field current and the armature 
current are acting simultaneously, which occurs when the generator is under load. The resultant flux is 
acting at an angle to the main flux. The effect of annature reaction is shown by a vector F o in the figure 
C2. The field MMF vector F and the armature MMF vector F A act at right angles to each other. The 
resultant MMF vector is F .As the direction of the resultant flux is the same as that of the resultant 
MMF then the new magnetic neutral axis must be at right angle to F o . Thus the new magnetic neutral 
axis advances as shown in fig. 9. 16(d). 
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Fig. 9.16 Relation of armature flux to brush axis 

Therefore the brushes are also shifted to the new magnetic neutral axis. The armature behaves as 
tilted coil and hence the armature MMF is also filted along the magnetic neutral axis. 

Effect of Armature Reaction: 

( 1 ) The flux due to armature current helps (strengthen) the main pole flux on the left handside at trailing 

pole tips. 

(2) The flux due to armature current opposes (demagnetize) the mainpole flux on the righthand side at 

the leading pole tips. There are shows in fig. 9. 1 6 (c) above. 

The armature MMF can be resolved in to two components as 

( 1 ) Demagnetising component and 

(2) Cross magnetising component 
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Fig. 9.17 

The demagnetising component is in phase opposition to the field MMF. This reduces the main 
field flux. 

The cross magnetising component is at right angles to the field MMF. This changes the direction of 
the main field flues. The exact conductors which produce these two effects are shown in figure. 9. 1 7 
Due to the effect of these two components of the armature MMF, the resultant MMF has increased 
(Fig. 9. 18). 
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Fig. 9.18 



Methods of Compensating Armature Reaction: 
(i) Increasing the Air Gap Length. 
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Fig. 9.19 Special pole-core laminations to counteract the effect of armature reaction 
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In small machines the air gap length is increased (for increasing the reluctance to the armature flux). 
This increases the ratio of the pole MMF to armature MMF. Thus the effect armature reaction is 
reduced. 

The reluctance between the pole tips and the surface of the armature core is increased in two 
ways. This reduces the armature reaction flux in the interpole zone. Fig. 9. 1 9. Shows howthis is done 
by using chamforedpole shoes and by employing pole laminations at one side of pole tip. 

In fig. 9. 1 9. (a) the rounded surface of the pole shoe is not concentric with the circular armature 
core. This reduces the effectiveness of the armature MMF at the pole tips and in the commutation zone. 
In fig. 9.19 (b). the same result is accomplished by cutting offone pole tip. hi assembling the laminations, 
the pole tip. In assembling the laminations, the pople tips are alternated from one side to the other in the 
adjacent poles. 

(2) Providing Interpole (Communtating Pole) : 

One of the most important developments in he design of D.C. machines is the use of interpoles to 
reduce the armature reaction. The interpoles are narrow poles placed exactly halfway between the 
main poles. The exciting windings for these poles are always permanently connected in series with the 
armature winding. The flux produced in the interpoles is directly proportional to the armature current. 




Fig. 9.20 Connections to field pole windings 

The connections and the arrangement of commutating poles and their exciting windings of a shunt 
generator is shown in fig. 9.20. 

(3) Providing Compensating Windings 

In case of heavy current Machines the armature reaction is neutralized by providing special windings 
known as compensating windings. These windings are provided in slots made on the mainpole faces. 
Fig. 9.21 . shows such an arrangement of aD.C. generator. These windings are connected in series with 
the armature winding. They carry the armature current, but in the opposite direction to that of armature 
conductors. The flux established in these windings neutralises the demagnetising effect of the armature 
reaction. 
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Fig. 9.21. Pole-face winding to compensate armature reaction 



Losses in D.C. Machines 



Total losses 



Coper losses 



Iron losses 



Mechanical loss 



Armature Cu loss 
Shunt field Cu loss 
Series field Cu loss 

Hysteresis loss 

Eddy Current loss 

Friction loss 

Windage loss 



Applications of D.C. Generators 

D.C. Generators are used only for certain special propose. Sine D.C. generators require regular 
maintenance and expenditure on replacement of parts such as commutator, brushes etc., the use is 
limited to the specific purpose only. Nowadays for obtaining D.C, rectifiers are use. The various 
applications of D.C. generators are as detailed below:- 

1. SHUNT GENERATORS 

In shunt generators, terminal voltage is more or less constant, so there are used for 
(a) Electroplating (b) Battery charging (c) Excitors for AC generators. 

2. SERIES GENERATORS 

Series generator has a rising characteristic. So it is used as boosters in case of long D.C. feeders 
to compensate for the voltage drop in them. It is also used for lighting are lamps. 
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3. COMPOUND GENERATORS 

a) Level Compound : Used where reated terminal voltage is required at full load conditions. 

b) Over Compound : Used where power is to be transmitted to a long distance. In this case, the 
voltage at load remains constant. 

c) Differential compound : - Used for D.C. welding sets since they have an inherent character to I imit 
the short circuit current. 

4. SEPERATELY EXCITED GENERATORS 

These generators are used for (1) Supplying D.C. motors whose speed into be varied widely (2) 
where a wide range of D.C. voltage is required for testing purpose. 

Questions 
PartA 
choose the correct answer 

1 . The e.m.f induced in the d.c generator is alternating one and this is converted in to direct e.m.f by 
a. slipring b. corbon brush 

c. commulator d. end rings. 

2. The direction of induced e.m.f is determined by using 

a. fleming's right hand rule b. fleming's left hand rule 

c. Kirchoff 's law d. Mutual induction. 

3 . The Yoke or frame of the d.c machine is made of 

a. Copper b. Aluminium 

c. Cast iron d. Bronze 

4. Inter poles are provided to 

a. Generate the e.m.f b. operate in over load, 

c. economical basis d. improve commutation 

5 . Armature lamination is about 

a. 1 Cm thick b. 1 mm thick 

c. 0.5 mm thick d. 0.5 inch thick 

6 . Compensating windings are provided in slots made on the 
a. armature b. mainpole faces 
c. Inter pole faces d. none of these 
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7. D.C series generator used are 

a. Boosters in case of long d.c feeders to compensate for the voltage drop. 

b. Electro plating c. D.C welding set. d. Battery charging 

Part-B 
Answer the following questions in one word: 

1 . What kind of energy is converted in to electrical energy in d.c generator? 

2 . Write the material used for making field coils . 

3 . State any one purpose of providing pole shoes in the poles. 

4. What is the purpose of providing ventilating ducts in the armature? 

5 . What is the metal used to built up of commutator segments? 

6 . What is the name of the process of giving D.C. Voltage to the field winding for producing magnetic 
field? 

7. What is the name of the combined losses of Hysteresis loss and eddy current loss? 

Part-C 
Answer the following questions in briefly: 

1 . What are the mainparts o f d. c machine? 

2 . What is the interpole? 

3 . Write short notes on commutator 

4. What is the use of bearing in d.c machine? 

5. What are the types of d.c generator? 

6 . What is known as armature reaction? 

Part-D 
Answer the following questions in one page level 

1 . Write the e.m.f equation of the d.c generator. 

2. Explain the construction and operatin of 

1 . Series generator 2. Shunt generator 3. Compound generator 

3 . List out the applications of D.C generators 

Part-E 
Answer the following questions in two page level 

1 . Explain the constructional details of D.C machine? 

2 . Explain the armature reaction in the D . C generator? 
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10. D.C. MOTORS 

General Introduction :- 

An electric Motor is a machine which converts electrical energy into mechanical energy. Its action 
is based on the principle that when a current carrying conductor is placed in a magnetic field, it experiences 
a mechanical force whose direction is given by "Fleming's left-hand Rule". 

Constructionally, there is no difference between a DC generator and DC Motor. In fact, the same 
DC machine can be used interchangeable as a generator or as a motor. When a generator is in operation 
it is drivenmechanically and develops a voltage. This voltage can send a current through a load resistance. 
When a motor is in operation, it develops torque. This torque can produce mechanical rotation. DC 
motors are also like generators classified into shunt wound series wound and compound wound motors. 

Before going to study the principle of operation of DC motor the fleming's left-hand rule should be 
thoroughly known . 

Fleming's Left-Hand Rule:- 

The direction of motion of the conductor can be determined by using fleming's left-hand rule 
knowing the direction of the magnetic field and the direction of the current in the conductor, the motion 
of the conductor can be determined. 



Conductor 



Motion of the conductor 




Direction of ' the 
lines of flux conductor 



:onc 




Direction of current 



Direction of lines of 
flux 



*"""* ^* Direction of current 
Fig. 10.1. 



STATEMENT OF RULE: 



Keep the forefingure, middle fingure and thumb of the left hand mutually perpendicular to one 
another. If the forefingure indicates the direction of the magnetic field and the middle figure indicates the 
direction of current in the conductor, then the thumb points to the direction of motion of conductor. 

PRINCIPLE OF OPERATION OF D.C. MOTOR:- 

Fig 1 0.2(a) shows an uniform magnetic field in which a straight conductor carrying no current is 
placed. The conductor is perpendicular to the direction of the magnetic field. 

In fig. 1 0.2(b) the conductor is shows as carrying a current away from the viewer, but the field due 
to the N and S poles has been removed. There is no movement of the conductor during the above two 
conditions. In fig. 1 0.2(c) the current carrying conductor is placed in the 
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Fig, 10.2 (e) 

Magnetic field. The field due to the current in the conductor supports the main field above the 
conductor, but opposes the main field below the conductor. The result is to increase the flux density in 
to the region directly above the conductor and to reduce the flux density in the region directly below the 
conductor It is found that a force acts on the conductor, trying to push the conductor downd-wasels as 
shown by the arrow. (Refer Fleming's left hand rule). 

' If the current in the conductor is reversed, the strengthening of flux lines occurs below the conductor 
and the conductor will be pushed upwords (Fig. 1 .2(d). 

Now consider a single turn coil carrying a current as shown in fig. 1 0.2(e) . In view of the reasons 
given below above the coil side "A" will be forced to move downwards, where as the coil side "B" will 
be forced to move up wares. The forces acting\>n the coil sides "A" and "B" will be of same magnitude. 
But their direction is opposite to one another. As the coil is wound on the armature core which is 
supported by the bearings, the armature will now rotate. The commutator periodically reverses the 
direction of cmrent flow through the armature. There fore the armature will have a continuous rotation. 

A simplified model of such amotor is shown in fig. 1 0.3 . the conductors are wound over a soft iron 
core D.C. supply is given to the field poles for producing flux. The conductors are connected to the 
D . C . supp ly through brushes . 




Field pole 
Brush 



Brush 
Commutator 



Fig. 10.3. Simplified version of the 
D.C. Motor 
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Types of DC. Motors 

In the same way as generators DC Motors are also classified into three types, they are 

(1) D.C. series motors. 

(2) D.C. shunt motors . 

(3) D.C. Compound motors. 

This classification is based on the field wind connections with the armature. The compound motor 
can also be classified as long shunt and short shunt compound motors. 

D.C. Series Motor 

In D.C. series motor, the field winding is connected in series with the armature as shown in Fig. 
1 0.4. The series field winding carries the input current (I^I^L) the conductors of the series field 
winding have large cross sectional area. It has a few number of turns per pole. Because of its large 
cross sectional area and less number of turns, the series field winding has low resistance. 



r 
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Let V = Supply voltage 

I j = Ia= armature current 

Rse = Resistance of series field Ra = Resistance of armature 

Eb = back emf induced. 
The relationship between V, Eb and la is given below 

V=Eb + IaRa + IaRse 

V = Eb + Ia(Ra+Rse). 

D.C. Shunt Motor 

In DC shunt motor, the field winding is connected in panallel with the 1 
armature as shown in fig: 10.5. The field windings has a large number of | 
turns and relatively smaller cross sectional area. Since the field current is V 
small the field power loss is also small. The relationship between V, Eb 

and ia is given below. 



J5001 




Fig. 10.4 
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V = Eb + IaRa; (Armature current la = I L -I f ). 

D.C. Compound Motor 

In compound motors, both series field and 
shunt field windings are connected with the 
armature. The diagram of connections of long- 
shunt and short-shunt compound motors are 
shown in fig. 10.6. 



Fig. 10.5 
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Short-shunt connection 



Long-shunt connection 



Fig. 10.6. D.C. Compound motor 



186 



In long shunt compound motor, the series field winding is connected in series with the armature. 
But in short shunt compound motor the series field winding is connected in series with the parallel 
combination of armature and shunt field windings. 

Speed control of D.C. Motors: 

Different ranges of speeds are required for different applications. A single motor can be used for 
different speeds for various works. Smooth speed control is possible in D.C. Shunt motor. 

The speed of a D.C. motor can be expressed by the equation: Speed, N a (v - IaRa)/ §. Neglecting 
the small voltage drop IaRa, the speed is directly proportional to the voltage impressed across the 
armature and inversely proportional to the flux. Hence the speed of a D.C. motor can be controlled by 
varying the voltage or flux. The above two methods are known as. 

1 . Armature control and 2. Field control. 

These methods are applied to shunt, series and compound motors. 



SPEED CONTROL OF D.C. SHUNT MOTOR 

Armature Control Method: 

This method is used when spends below the no-load speed are 
required. As the supply voltage across the armature is varied by 
inserting a variable resistance in series with the armature. Circuit as 
shown in Fig. 10.7. 

As the controller resistance is increased, the Potential drop 
across the armature is decreased. So armature speed also decreases. 
In this method speed can be varied up to the rated speed. 

This method is very expensive because the power loss and not 
suitable for rapidly changing loads. Amore suitable operation can be 
obtained by using a diverter across the armature in addition to armature 
control resistance as shown in Fig. 10.8. Now the changes in armature 
current (due to changes in load) will not be so effective in changing 
the P.D. across the armature. 

Field Control Method: 






V 




Fig. 10.7 



Fig. 10.8 
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It is seen that the speed of a D.C. Motor is inversely 
proportional to the flux per pole when the armature voltage 
is kept constant. By increasing the flux, the speed can be 
decreased and vice versa. The flux per pole of a D.C. 
motor can be changed b changing the field current. The 
field current can be changed with the help of shunt field 
rheostat as shown in fig. 1 0.9. Since the shunt field current 
is relatively small, the shunt field rheostat has to carry only 




Fig. 10.9 
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a small amount of current. Therefore the PR loss is small as the resistance of the rheostat is less. This 
method is, therefore, very efficient and is known as flux control or field control method. 



)t 



o~ 




Fig. 10.10. 



By this method of speed control we can not have speeds below the rated speed. (Flux can not be 
increased). But the speed can be increased beyond the rated speed. By combining the field control and 
armature control methods, it is possible to get speed variations below or above normal speeds. The 
connection diagram for such a speed control is shown in fig. 10.10. variable resistance are connected 
in the armature and field circuits. 

Ward - Leonard System 

This system is used where a very sensitive speed control is required. Examples : Coil winders, 
electric excavators, papermills etc. The arrangement is illustrated in fig. 10.11. 

D.C. Supply Line 




R.S 




Field Regulator 



# rQ G JLh- 




Fig. 10.11. Ward -Leonard system 

M, is the main motor for which the speed control is required. The field of this motor is permanently 
connected across the D.C. supply lines. By applying a variable voltage across its armature, any desired 
speed can be obtained. This variable voltage is supplied by a motor-generator set which consists of 
either a D.C. or an A.C. motor M r The motor M 2 is directly coupled to the generator G. 

The motor IVL, runs at an approximately constant speed. The output voltage of "G" is directly fed 
to the main motor M ] . The voltage of the generator can be varied from zero to its maximum value by 
means o its field regulator. The field current of the generator can be reversed by the reversing switch Rs. 
Therefore the generated voltage can be reversed and hence the direction of rotation of M is also 
reversed. 
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It should be remembered that motor-generator set always runs in the same direction. 

The capital cost of such a system is high, since three machines are employed. But this method is 
very effective and the speed control obtained is very smooth. 

If a vasiable resisance is connected in series with the field circuit of motor M, . The speed above 
the rated value can be obtained. The direction of rotation of a D.C. motor can be reversed either by 
changing in the direction of current through the armature or field winding as shown in fig. 1 0. 1 2 . 




(a) Field reversing 



(b) Armature reversing 



Shunt motor 




(b) 


(c) 


Compound 


Field reversing 


motor 





(a) 
Armature reversing 



Fig. 10.12. Reversing the direction of rotation 
SPEED CONTROL OF D.C. SERIES MOTOR: - 

Speed of a D.C. series motor can be controlled by the following methods 
(1) Field Diverter Method :- 

+- 



Diverter 




Fig. 10.13 

A rheostat called the diverter is connected in parallel with the seriesfield winding as shown in Fig. 
10. 1 3. Any desired amount of current can be passed through the diverter by adjusting its resistance. 
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Hence the flux can be decreased and consequently the speed of the motor is increased. The minimum 
speed is obtained by completely removing the resistance in the diverter circuit. 



(2) Armature Diverter Method: 



Series Field 



v 



t 




i 




Fig. 10.14 

In this method a variable resistance known as diverter is connected in parallel with the armature as 
shown in fig. 1 0. 1 4. The armature current can be varied by adjusting the diverter resistance. 

For a constant load if la is reduced using armature diverter, then the flux has to be increased to 
produced the same tosque as T cc0 la. To satisfy this condition, current drawn from the mains will be 
more to increase the flux. Thus when the flux increases, then the speed increases. The variations in 
speed can be obtained by varying the diverter resistance. 



(3) Tapped Field Control 



Series Field 




Fig. 10.15 

This method is often used in electric traction and is shown in fig. 1 0. 1 5 . 

The number of series field turns in the circuit can be changed at our will. With full field winding in 
the circuit the motor runs at its minimum speed. The speed can be raised in steps by cutting out same of 
the series turns. 

(4) Variable Resistance in series with motor: 

By increasing the resistance in series with the armature, the voltage applied across the armature 
terminals can be decreased. If the voltage across the armature is reduced speed is also reduced. 
However it will be noted that, when full load current of the motor passes through this resistance, there 
is a considerable loss of power in it. The circuit diagram for this operation is shown in fig. 10.16. 
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Fig. 10.16 



Summary of Applications of D.C Motors: 



Type of Motor 


Characteristics 


Applications 


Shunt 


Approximately constant speed speed can 
be controlled. Medium starting torque. (Up 
to 1 .5 full load torque) 


For driving constant speed line 
shafting lathes, centrifugal pumps, 
machine tools, Blowers and fans, 
Reciprocating pumps. 


Series 


Variable speed. Speed can be controlled. 
High Starting torque. 


For traction work. i.e. electric 
locomotives rapid transit systems 
trolley cars etc. cranes and hoists 
conveyors. 


Cumulative 


Compound Variable speed. Speed can be 
controlled. High Starting torque. 


For intermittent high torque loads, 
for shears and punches, elevators, 
conveyors, heavy planners, rolling 
Mills, ice machines, printing press, 
air compressors. 



Questions 
Part -A 
Choose the correct answer: 

1 . The Principle of operation of d.c motor is 

a. Fleming's Rigt hand rule b. Fleming's left hand rule 

c. Ohm's law d. Ampere rule 

2. Compound motor can be classified as 

a. Long shunt b. Short shunt c. Long shunt and short shunt d. none of these 

3 . The series field winding has 

a. Thin conductor b. Thick conductor 

c. Large number of turns d. Thick conductor with less number of turns 
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4. The shunt field winding has 

a. Smaller cross sectional area with large number of turns. 

b. Higher cross sectional area with small number of turns. 

c. Carrying the full armature current 

d. none of these 

5 . Speed control of D.C shunt motor in below rated speed by 

a. field control b. Armature control c. Tapped field control d. field and Armature control 

6. The motor used for traction work purpose is 

a. Shunt motor b. series motor c. Cumulative compound motor d. Differential motor 

Part-B 
Answer the following questions in one word : 

1 . Write the name of the connection of series field winding with armature. 

2 . Write the name of the connection of shunt field winding with armature. 

3 . What is the very sensitive speed control system of d.c motor? 

4. What method is often used in electric traction of speed control? 

5. What type of motor is to be used for driving constant speed? 

6 . write any one application of cumulative compound motor. 

Part-C 
Answer the following questions in briefly 

1 . Give the statement of Rule of fleming's left hand rule. 

2. What are the types of d.c motors? 

3 . What are the applications of d.c series motor? 

4 . What are the applications of d.c shunt motor? 

5 . What are the applications of d.c cumulative compound motor? 

Part - D 
Answer the following questions in one page level: 

1 . Explain the three types of d.c motors? 

2 . Explain the speed control of d.c shunt motor by armature control method? 

3 . Explain the speed control of d.c shunt motor by field control method? 

Part-E 
Answer the following questions in two page level. 

1 . Explain the "Ward Leonard" speed control system with neat sketch. 

2. Explain the speed control of D.C series motors by 

, a. Field diverter method b. Armature diverter method 

c. Tapped field control method d. Variable resistance method 
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11. A.C. GENERATOR (ALTERNATOR) 

11.0. Introduction 

In power supply system alternating current is supplied to a much greater extent than direct 
current supply, because of the following advantages. 

Advantages of AC Generation:- 

( 1 ) AC power can be generated in bulk quantity without much difficulty. 

(2) AC requirements are cheaper in cost. 

(3) AC voltage can be step up or step down to any level of our requirement. 

(4) We can convert in to AC into DC, in case of atmost need for DC supply. 

The machine which generates alternating current is called as Alternator (or) Synchronous 
generator. 

11.1. Principle of Alternator 




.urrent 
Output 



AC current 



Fig. 11.1. 

The alternator works on the principle of "Electromagnetic Induction". According to Faraday's 
Laws of electro magnetic Induction, when there is a cutting of magnetic flux by a conductor or when 
there is a change in flux linkage by a coil, an emf is induced in the conductor or coil. Fig. 11.1. shows the 
simple arrangement of an alternator. 

In the fig. 11.1. shown an open ended loop or coil of wire is rotated between the poles of an 
electromagnet. An e.m.f. is generated in the loop. 




Fig. 11.2. 
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The value of the e.m.f. varies both in magnitude and direction according to the instantaneous 
position of the loop. In one revolution of the loop through 360 electrical degrees, the form of the e.m.f. 
wave is in the shape shown in the fig. 11.2. 

In slip rings are fixed to the free ends of the loop, and. sliding connections arranged to bear upon 
than, the alternating e.m.f. will be obtained. 

It will produce an alternating current in a closed external circuit. The current will vary in a similar 
way to the e.m.f. generators. 

The complete change of e.m.f. or current from zero to positive maximum back to zero, and 
through negative maximum to zero is called a "cycle". The no of cycles happening per second is 
"frequency." 

The standard frequency "f of the public supply is 50 Hertz (Hz) or cycles per second. The 
practical form of the above machine is known as "Single phase alternator". 

11.3. Three Phase Generator 

Large scale generation of power is achieved by generating three phase e.m.f.'s using three 
separate windings insulated from each other. They are placed on the rotor of the alternator. The windings 
are displaced at an angle of 1 20° with each other as shown in fig. 1 1 .3 . (a) . When the rotor is rotated, 
e.m.f 's will be induced in the three coils (Phases). 




Voltage induced in the three phases K } R^ Y, Y 2 and B^ B 2 will have a time phase difference of 
120° as shown in fig : 1 1 .3 (b). This can be understood by observing that similar rate of change of flux 
linkage as that of the coil, R 5 R 2 will take place in the coil Y Y 2 after the rotor has rotated by 1 20° 
electrical. 

The three phase windings are connected in star mode inside the rotor. At least three slip rings 
are necessary for making connections with external load circuit. 

Requirement of Alternator 

For the generation of AC emf by the alternator the following basic systems are required. 

( 1 ) Magnetic field system to produce the magnetic field. 

(2) Armature system which houses the conductors on which emf is be induced. 

(3) A prime mover is required which gives necessary rotational power for the generation of emf in 
the alternator. 
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11.4. Methods of Generating EMF 

In alternator any one of the following methods can be adopted to generate AC emf. 
Stationary field and rotating armature type 
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Fig. 11.4. 

Ac can be generated in the stationary-field revolving armature. It is commonly used in small 
sizes and for the lower voltages. The direct current exciting current is supplied to the field windings by 
fixed connections, while the alternating current is delivered from the slip rings as shown in fig : 1 1 .4. The 
mechanical construction of the revolving armature alternator is similar to that of the direct cunent generator, 
except that there is no commutator. 

11.5. Stationary Armature and rotating field type 
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Fig.11.5. 

Alternator with the stationary armature revolving field type is invariable used in the generation of 
high voltages. The main reason for this type is the difficulty of using sliding contact brushes bearing on 
slip rings at high voltages. With a stationary armature, the power from the generator is delivered through 
copper to copper connections firmly bolted together. The revolving fields are supplied with direct 
current normally at 1 1 V, through a pair of slip rings as shown in fig : 1 1 . 5 . 

11.5.1. Advantages of rotating field and stationary armature system 

(1 ) It is easy to insulate the stationary armature winding, because they are placed in the stator. 

(2) Out put current can be easily collected and supplied to the load circuit from the fixed terminals 
of the stator and not to provide three sliprings and brushes. 
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(3) To supply DC to the rotating field system, only two sliprings are needed. The voltage is 1 1 OV 
(or) 220V and hence these two sliprings can be easily insulated. 

(4) Rotating field is comparatively light in weight and hence it can run at high speed. 

(5) In stationary armature, the armature coils can be properly placed in position in such a way to 
withstand the large forces developed, when any short circuit occurs. 

(6) In stationary armature, the winding may be colled more efficiently, because the stator core can 
be made enough cooling ducts for forced air circulation. 

11.6. Construction of Alternators 

Alternators are constructed in two types. 

( 1 ) Salient pole alternator 

(2) Non-salient pole alternator. 

Salient Pole Alternator 

Salient pole alternator consists of arotor on which projected poles (Salient pole) are mounted on 
rotor as shown in Fig: 11.6. these alternations are driven at low speeds by prime movers like wator 
turbines or diesel engine To generate electricity at 50 Hz, with the rotor rotated at slow speeds, the 
number of rotor poles required becomes large. It is convenient to build a rotor having large number of 
poles in projected pole, i.e., salient pole construction. The diameters of such rotors become bigger than 
their lengths. 

Stator 

It consists of mainly the armature core formed with laminations of steel alloy (silicon steel) having 
slots in its inner periphery to house the armature conductors as shown in fig: 1 1 . 6 . 

The armature core in the from of a ring is fitted to a frame which may be of cast iron or welded 
steel frame which is called stator frame. 

Stator 
frame 

Stator 
core 

Ventilating 
ducts 

Slots 



Stator for Smaller Machine 

Fig. 11.6. 

The armature core is laminated as shown in Fig: 1 1 .8(a) to reduce the eddy current losses which 
occur in the stator core when subjected to the cutting of the flues produced by the rotating field poles. 
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Fig. 11.7. 

The laminations are stamped out in complete rings (for smaller machines) or in segments (for larger 
machines), and insulated from each other with paper or varnish. The stampings also have holes which 
make axial and radial ventilating ducts to provide efficient cooling, A general view of the stator with the 
frame is shown in fig: 1 1 .7. 

11.8. Armature slots and windings 

Slots provided on the stator core are shown in fig: 11 .8(a) to house the armature coils are mainly 
of three types as shown in fig: 1 1 .8.(b). 

(i) Open (ii) Semi-closed slots and (iii) closed. 




a) Part of the Armature core 
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Fig. 11.8. 

The open slots are more commonly used because the coils can be form-wound and pre-insultated 
before placing in the slots resulting in fast work, less expenditure and good insulation. This type of slots 
also facilitates easy removal and replacement of defective coils. But this type of slots creates uneven 
distribution of flux, thereby producing ripples in the emf wave. The semiclosed type slots are better in 
this respect but do not permit the use of formwound coils, thereby complicating the process of winding. 
Totally closed slots ae rarely used, but when used they used bracing of the winding turns. 
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11.9. Rotor 
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Fig. 11.9. 

Fig: 11.9. shows the salient pole type rotor in which the riveted steel laminations are fitted to the 
shaft fitting with the help of a dovetailed joint. Pole faces are curred to have uniform distribution of the 
flux in the air gap leading to production of sinusoidal wave form of the generated emf. These pole faces 
are also provided with slots to carry the damper winding to prevent hunting. Field coils are provided 
around the pole core to produce necessary field. 

The field coils are connected in series in such a way as to produce alternate NORTH and SOUTH 
poles, and the field winding ends are connected to the slip rings. 

• The DC excitation source is connected the brushes which are made to contact the sliprings with 
the required pressure. 

• This type of rotor is used only for the slow and medium speed alternators. 

• This type is less expensive and having more space for the field coils and vast heat dissipating 
area. 

• This type is not suitable for high speed alternators as the salient poles create lot of noise while 
running in addition to the difficulty of obtaining sufficient mechanical strength. 

• Salient pole type alternator could be identified by their larger diameter, short axial length and 
low or medium speed of operation. 

Non Salient pole type (or) Turbo Alternator 

Another type of alternator is non salient pole type. 

11,10. Stator Construction 

Stator for the turbo alternator is constructed with smaller diameter and with larger axial length as 
shown in fig: 1 1 . 1 0. Stator stampings are made of silicon alloy steel sheets, having slots in its inner 
periphery. Double layer winding is generally adopted for machines with voltage upto 1 1 KV. High voltage 
machines use semiclosed slots single layer windings. Axial ventilating holes are provided to increase the 
cooling effect. 
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Fig. 11.10. 

11.11. Rotor Turbo Alternator- Cylindrical Rotor 

This rotor is used in very high speed alternators driven by steam turbines. The rotor of turbo 
alternator physically is in the form of smooth cylinder having long axial length and smaller diameter. 

Poles are not proj ected out from the surface of the rotor. The outer periphery of the rotor stampings 
has radial slots. 

The field windings is accommodated in these slots. Over certain regions the slots are omitted to 
either from two or four poles as shown in the Fig. 11.11. 

Radial ducts are provided for ventilation Generally copper strips are used for the field winding. 
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Fig. 11.11. 
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5 . Runs at slow speed suitable for 
hydrogenerators. 

6 . More windage loss 



Suitable for turbo alternators run by steam turbines. 



Less windage loss 



7 . No cooling arrangement is necessary Cooling arrangement is more essential. 

8. Noisy Operation Noise free operation. 
11.12. Parallel Operation of alternators 

(1) Alternators in Parallel 

It is common practice in these days to connect a number of synchronous generators in parallel 
instead of single unit to supply a common load. In power stations instead of having one large capacity 
generator, a number of smaller units are installed for some capacity are connected in parallel. 

The fig 1 1 . 12 shows the arrangement of a parallel operation of alternators in which they are two 
generators connected to a common busbar to which the total load of the system is connected. These 
two generators share that common load according to their excitation and the input power given to them. 
There are several advantages in adopting parallel operation of alternators. 




Alternator- 1 



Altemator-2 



Fig. 11.12. 

(2) Advanages of parallel operation of Alternators 

The following are the advantages of connecting a large number of synctronous generators 
in parallel to supply a common lead. 

(a) Easy repair and Maintenance:- 

Repair and maintenance of individual generating units can be done keeping the continuity of supply 
by scheduling maintenance of generators one after the other. If only one large generator is installed, 
supply is to be cut off for carrying out maintenance week. 
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(b) High Operating Efficiency 

For operating an alternator on maximum efficiency it is to be run near to its full load capacity. It 
is uneconomic to operate large generators on low loads. If several small units are used units can be 
added or put off depending upon the load requirement and thus the units can be operated at near to 
their rated capacity. 

(c) Saving in capital Cost 

Additional sets can be connected in parallel to meet the increasing demand, thereby reducing 
the initial capital cost of buying larger units in anticipation of increasing demands. 

(d) Easy of Manufacturing 

There is physical and economic limit to the possible capacity of alternators that can be built. 
The demand of a single power station may be as high as 1 200 MVA, It may not be feasible to build a 
single alternator of such a high rating due to physical and economic considerations. 

(e) Continuous Power Supply 

If number of generators are operated in parallel, if one of the generators fails, continuity of 
supply can be maintained with the help of generators other than faulty one. 

(f) Easy Transportation 

Generators become in smaller in size hence it is easier to transfer the smaller size generators 
rather than transporting a single bulky unit. 

(3) Synchronisations of Alternator 

Before a synchronous generator can be put to share the load, it should be properly connected 
in parallel with the common bus-bar. Interconnection of the terminals of a generator with the terminals 
of another or a busbar to which a large number of synchronous generators are already connected is 
called synchronising. 

(4) Conditions for Parallel Operation (or) Synchronisation 

For satisfactory parallel connection of two alternators, the following three conditions must be 
fulfilled 

• The terminal voltage (effective) of the incoming alternators is same as that of existing alternator 
(or) bus-bar. 

• Frequency of the incoming alternator should be equal to the existing alternator (or) bus-bar 
frequency. 

• Phase sequence of the voltage of the incoming alternator should be the same as that of the 
existing alternator (or) bus-bar. 

11.13. Methods of Synchronisation 

Synchronisation or parallel connection of alternators can be achieved by any one of the following 
three methods a) Dark lamp method b) Bright lamp method c) synchroscope method. 
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a) Dark Lamp method 



The fig: 11.13 shows the arrangement of paralleling two alternators by dark lamp method. In 
this method three lamps as shown in fig. 11.13. can be used for checking the exact conditions suitable 
for synchronization. Three lamps L,, L 2 and L 3 are to be connected as shown in the fig: 1 1 .33. with the 
synchronous generator, driven at a rated speed, if all the lamps glow together and become dark together 
then the conditions of the incoming alternator are the same as that of the bus-bar. 
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Fig 11.13. 

In case if the phase sequence and other conditions are not in exact conditions for paralleling, 
the following adjustments can be made before paralleling. 

• Generated voltage of the incoming alternator can be adjusted by adjusting the field excitation. 

• Frequency of the incoming alternator can be controlled are made equal to bus-bar frequency 
by controlling the speed of the prime mover drving the alternator. 

• Phase sequence of the alternator and the bus-bar can be checked by a phase sequence indicator. 

Once the three conditions mentioned above are satisfied the three lamps becomes completely 
dark at one instant. At this instant the incoming alternator can be switched on to the bus-bar. Now the 
synchronization process is said to be completed. 

11.14. b. Bright Lamp Method 

In this method of synchronizing an alternator, three lamps are connected as shown in fig: 1 1 . 1 4. 
Two lamps are cross connected with the bus-bar. In this method the brightness of the lamps will vary in 
sequence. Aparticular sequence will indicate if the incoming alternator is running too fast or too slow, 
Perfect synchronizing will occur when lamp L, is dark and lamps L 2 and L 3 are equally bright. 
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Fig. 11.14. 

The speed and voltage have been adjusted to achieve the exact three conditions. The switch of 
the incoming synchronous machine can be closed only when lamp ~L : is dark while lamps L 2 and L, are 
equal bright If the frequency of the incoming alternator is higher than the bus-bar frequency, the phasor 
Rj-Yj-Bj representing the alternator voltages will be rotating faster than the phasors R^Yj-B, 
representing the bus-bar voltages. At the instant when R { is in phase with Rj lamp L, will be dark and 
the other two lamps will be equally bright. 

After one third of the cycle, B, will be in phase with Y 2 , since the lamp L2 is connected across 
B2 and Ys, it will be dark. After another one third of a cycle, lamp L3 will be dark. Thus if the frequency 
of the incoming alternator is higher, the lamps will become dark in the sequence L 1 -L2-L3 . Similar if 
the frequency of the incoming alternator is lower, the lamps will become dark in the sequence LI -L2- 
L3 . The speed of the alternator will therefore have to be slowly adjusted so that the lamp LI is dark and 
lams L2 and L3 are bright. At this instant, the switch can be closed. The incoming machine thus gets 
connected in parallel with the bus-bar. 

hi this three lamp method, in addition to knowing the exact instant of closing of synchronizing 
switch, it is also known whether the incoming alternators frequency is less or more than the bus-bar 
frequency. 

11.15. c. Synchroscope Method 

The fig. 1 1 . 1 5 shows the arrangement of the synchroscope method paralleling the alternators. 
A synchroscope determines the instant of synchronism more accurately than the three lamp method. A 
synchroscope consists of a rotor (moving coil) and a stator (fixed coil) one of the which is connected to 
the incoming alternator and the other to the bus-bar as show in fig: 11.15. Apointer connected to the 
Rotor will rotate if there. Is a difference in frequencies of the incoming alternator and bus-bar. 
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Anticlockwise rotation of the rotor pointer indicates that the frequency of the incoming alternator 
is slower whereas clockwise rotation of the pointer indicates that the frequency is higher than the bus- 
bar frequency. 

The speed of the prime mover driving the alternator will, therefore, have to be adjusted such 
that when the frequencies are equal the pointer is stationed at 1 2'o clock position. The alternator can 
be switched on to the bus-bar by closing the switch, "S" at this instant. 

Questions 

Part -A 

Choose the correct answer 

1 . The machine which generators alternating current is called as 
a. Transformer b. Alternator 

c. Synchronous motor d. A.C. Motor 



2. The standard frequency of A.C supply is 
a. 50 cycles /min 
c. 1 00 cycles / min 



b. 50 cycles /sec 
d. 60 cycled /sec 



3. The sliprings are necessary for making 

a. Connection with external load circuit b. field flu 

c. Ventilation d. Connection with internal winding connection 

4 . The revolving fields are supplied with direct current normally at 
a.230v b. 115 v 
c.400v d. 110v/220v 



5 . The weight of the rotating field is 
a. light 
c.high 



b. medium 

d. none of these 
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6 . The number of poles is the turbo alternator rotor is 

a. 16 b. 8 c. 6 d. 2/4 

7. The advantage of parallel operation of alternator is 

a. easy operation b. Production of high voltage 

c. continuous power supply d. to improve the power factor 

Part-B 
Answer the following questions in one word: 

1 . What is the basic principle of alternator? 

2 . What is the phase difference of three phase winding in alternator? 

3 . How many sliprings are used in rotating field system of alternator. 

4. State the two types of the alternator. 

5 . State the diameter and length of the salient pole alternator. 

6 . Where the damper winding is provided in the rotation field? 

7 . Write the rotor name of the high speed alternator. 

Part-C 
Answer the following questions in briefly: 

1 . What are the advantages of a.c generation? 

2. What are the types of armature slots? 

3 . What is meant by synchronising of alternators? 

4. What are conditions should be followed in parallel operation? 

5 . Write the methods of synchronisation. 

Part-D 
Answer the following questions in one page level: 

1 . Explain the advantages of rotation field and stationary armature system? 

2. Compare the salient pole rotor and cylindrical rotor. 

3 . Explain the advantages of parallel operation of alternators? 

Part-E 
Answer the following questions in two page level: 

1 . Explain the construction of salient pole alternator with neat sketch? 

2. Explain the three methods of synchronisation with suitable diagram? 
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12.AC MOTORS 

12.0. AC SINGLE PHASE MOTORS 

Single phase motors perform a great variety of useful services at home, office, farm, factory and in 
business establishments. Single phase motors are generally manufactured in fractional HP ratings below 
1 HP for economical reasons. 

Hence, those motors are generally referred to as fractional horsepower motors with a rating of 
less than 1 HP. Most single phase motors fall into this category. Single Phase Motors are also manufactured 
in the range of 1 .5, 2, 3 and upto HP as a special requirement. 

TYPES OF SINGLE PHASE MOTORS 

1 . Single phase induction motors: 

(i) Split phase motors 
(ii) Capacitor-start, induction-run motors 
(iii) Capacitor-start, capacitor-rum motors 
(iv) Shaded pole motors. 

2. Single phase Commutator type motors: 

(i) Repulsion motors 

(ii) Universal motor. 

SINGLE PHASE MOTOR ARE NOT SELF STARTING 

A single phase induction motor is similar in construction to that of a polyphase induction motor 
with difference that its stator has only one winding. If such a stator is supplied with single phase alternating 
current, the field produced by it changes in magnitude and direction sinusoidally. 

Such an alternating filed is equivalent to two fields of equal magnitude rotating in opposite directions 
at equal speed as explained below: 

12.1. DOUBLE FIELD THEORY OF SINGLE PHASE INDUCTION MOTOR 

Consider two magnetic fields represented by quantities OA and OB of equal magnitude revolving 
in opposite directions as shown in fig: 12.1. 
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Fig: 12.1 
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The resultant of the two fields of equal magnitude rotating in opposite directions is alternating. 
Therefore an alternating current can be considered as having two components which are of equal in 
magnitude and rotating in opposite directions. 

From the above, it is clear that when a single phase alternating current is supplied to the stator of 
a single phase motor, the field produced will be of alternating in nature which can be divided into two 
components of equal magnitude one revolving in clockwise and other in counter clockwise direction. 

If a stationary squirrel cage rotor is kept in such a field equal forces in opposite direction will act 
and the rotor will simply vibrate and there will be no rotation. 

But if the rotor is given a small jerk in any direction in this condition, it will go on revolving and will 
develop torque in that particular direction. It is clear from the above that a single phase induction motor 
whenhaving only one winding is not a self starting. To make it a self starting anyone of the following can 
be adopted. 

(i) By splitting in phase (called as split phase motor). 

(ii) By shading the poles (known as shaded pole motor). 

12.1.1. PRINCIPLE OF SPLIT PHASE INDUCTION MOTOR 

The basic principle of operation of a split phase induction motor is similar to that of a polyphase 
induction motor. The main difference is that the single phase motor does not produce a rotating magnetic 
field but produces only a pulsating filed. 

Hence, to produce the rotating magnetic field for self starting, phase splitting is to be done to make 
the motor to work as a two phase motor for starting. 

12.1.2. WORKING OF SPLIT PHASE MOTOR 

In split phase motor two windings named as main winding and starting winding are provided. At 
the time of starting, both the main and starting windings should be connected across the supply to 
produce the rotating magnetic field. 

The rotor is of a squirrel cage type and the revolving magnetic filed sweeps part the stationary 
rotor, inducing emf in the rotor. As the rotor bars are short-circuited, a current flows through them 
producing a magnetic field. 

This magnetic field opposes the revolving magnetic filed and will combine with the main filed to 
produce a revolving filed. By this action, the rotor starts revolving in the same direction of the rotating 
magnetic filed as in the case of a squirrel cage induction motor. 

Hence, once the rotor starts rotating, the starting winding can be disconnected from the supply by 
some mechanical means as the rotor and stator fields from a revolving magnetic field. There are several 
types of split phase motors. 

12.2. TYPES OF SPLIT-PHASE INDUCTION MOTORS 

1 . Resistance-start, induction-run motors 

2. Capacitor-start, induction-run motors 
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3. Capacitor-start, capacitor-run motors 

4. Shaded pole motors. 

1. RESISTANCE-START, INDUCTION-RUN MOTORS 

As the starting torque of this type of motor is relatively small and its starting current is high, 
these motors are most commonly used for rating upto 0.5 HP where the load could be started easily. 
The essential parts are shown in Fig: 12,2. 

• Main winding or running winding. 

• Auxiliary winding or starting winding 

• Squirrel cage type rotor. 

• Centrifugal switch. 
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Fig: 12.2 

The starting winding is designed to have a higher resistance and. lower reactance than the main 
winding. This is achieved by using small conductors in the auxiliary winding than in the main winding. 
The main winding will have higher inductance when surrounded by more iron, which could be made 
possible by placing it deeper into the stator slots, it is obvious that the current would split as shown in 
Fig: 12.2(b). 

The starting current "I" start will lag the main supply voltage "V" line by 1 5 degree and the main 
winding current. "I" main lags the main voltage by about 80 degree. Therefore, these currents will differ 
in time phase and their magnetic fields will combine to produce a rotating magnetic field. 
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Fig:12.3 
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When the motor has come upto about 75 to 80% of synchronous speed, the starting winding is 
opened by a centrifugal switch and the motor will continue to operate as a single phase motor. 

At the point where the starting winding is disconnected, the motor develops nearly as much torque 
with the main winding alone as with both windings connected. This can be observed from, the typical 
torque-speed characteristics of this motor, as shown in Fig: 12.3. 

The direction of rotating of a split-phase motor is determined by the way the main and auxiliary 
windings are connected. Hence, either by changing the main winding terminals or by changing the 
starting winding terminals, the reversal of direction of rotating could be obtained. 

APPLICATIONS 

These motors are used for driving fans, grinders, washing machines, and wood working tools. 

12.4. CAPACITOR-START, INDUCTION-RUN MOTOR 

A drive which requires a large starting torque may be fitted with a capacitor-start, induction- run 
motor as it has excellence starting torque as compared to the resistance-start, induction-run motor. 

CONSTRUCTION AND WORKING 

Fig: 12.4(a) shows the schematic diagram of a capacitor-start, induction-run motor. As shown, the 
main winding is directly connected across the main supply whereas the starting winding is connected 
across the main supply through a capacitor and centrifugal switch. 

Both these windings are placed in a stator slot at 90 degree electrical apart, and a squirrel cage 
type rotor is used. 

As shown in Fig: 12.4(b), at the time of starting the current in the main winding lags the supply 
voltages by 90 degrees, depending upon its inductance and resistance. On the other hand, the current 
in the starting winding due to its capacitor will lead the applied voltage, by say 20 degrees. 
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Fig:12.4 

Hence, the phase difference between the main and starting winding becomes near to 90 degrees. 
This in turn makes the line current to be more or less in phase with its applied voltage, making the power 
factor to be high, thereby creating an excellent starting torque. 

However, after attaining 75% of the rated speed, the centrifugal switch operates opening the 
starting winding and the motor then operates as an induction motor, with only the main winding connected 
to the supply. 
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CHARACTERISTICS 

As shown in Fig: 1 2. 5, the displacement of current in the main and starting winding is about 80/90 
degrees, and the power factor angle between the applied voltage and line current is very small. 
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Fig: 12.5 

This results in producing a high power factor and an excellent starting torque, several times higher 
than the normal running torque as shown in Fig: 12.5. 

REVERSING THE DIRECTION OF ROTATION 

In order to reverse the direction of rotation of the capacitor- start, induction-run motor, either the 
starting or the main winding terminals should be changed. 

This is due to the fact that the direction of rotation depends upon the instantaneous polarities of the 
main field flux and the flux produced by the starting winding. Therefore, reversing the polarity of one of 
the field will reverse the torque. 

APPLICATION 

Due to the excellent starting torque and easy direction-reversal characteristics, 

1 . Used in belted fans, 

2. Used in blowers dryers, 

3 . Used in washing machines, 

4 . Used in pumps and compressors. 

12.6.CAPACITOR-START, CAPACITOR-RUN MOTORS 

As discussed earlier, one capacitor-start, induction-run motors have excellent starting torque, say 
about 300% of the full load torque and their power factor during starting in high. 

However, their running torque is not good, and their power factor, while running is low. They also 
have lesser efficiency and cannot take overloads. 

These problems are eliminated by the use of a two valve capacitor motor in which one large 
capacitor of electrolytic (short duty) type is used for starting whereas a smaller capacitor of oil filled 
(continuous duty) type is used for running, by connecting them with the starting winding as shown in 
Fig: 1 2.6. A general view of such a two valve capacitor motor is shown in Fig: 12.6. 
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This motor also works in the same way as a capacitor-start, induction-run motor, with exception, 
that the capacitor CI is always in the circuit, altering the running performance to a great extent. 

The starting capacitor which is of short duty rating will be disconnected from the starting winding 
with the help of a centrifugal switch, when the starting speed attains about 75% of the rated speed. 

CHARACTERISTICS 
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Fig:12.7 

The torque-speed characteristics of this motor is shown in Fig: 12.7. This motor has the following 
advantages: 

• The starting torque is 3 00% of the full load torque 

• The starting current is low, say 2 to 3 times of the running current. 

• Starting and running power factor are good. 

• Highly efficient running. 

• Extremely noiseless operation. 

• Can be loaded upto 1 25% of the full load capacity. 
APPLICATION 

• Used for compressors, refrigerators, air-conditioners, etc. 

• Higher starting torque. 

• High efficiency, higher power factor and overloading . 

• Costlier than the capacitor-start - Induction run motors of the same capacity. 
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12.8.SHAPED POLE MOTOR 

The motor consists of a yoke to which salient poles are fitted as shown in Fig: 1 2. 8(a) and it has a 
squirrel cage type rotor. 



CONSTRUCTION OF A SHADED POLE 
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Fig: 12.8 

A shaded pole made of laminated sheets has a slot cut across the lamination at about one third the 
distance from the edge of the pole. 

Around the smaller portion of the pole, a short-circuited copper ring is placed which is called the 
shading coil, and this part of the pole is known as the shaded part of the pole. The remaining part of the 
pole is called the unshaded part which is clearly shown in Fig: 1 2.8(b). 

Around the poles, exciting coils are placed to which an AC supply is connected. When AC supply 
is effected to the exciting coil, the magnetic axis shifts from the unshaded part of the pole to the shaded 
part as will be explained in details in the next paragraph. This shifting of axis is equivalent to the physical 
movement of the pole. 

This magnetic axis, which is moving, cuts the rotor conductors and hence, a rotational torque is 
developed in the rotor. 

By this torque the rotor starts rotating in the direction of the shifting of the magnetic axis that is from 
the unshaded part to the shaded part. 

SHIFTING OF THE MAGNETIC FLUX 

As the shaded coil is of thick copper, it will have very low resistance but as it is embedded in the 
iron case, it will have high inductance. When the exciting winding is connected to an AC supply, a sine 
wave current passes through it. 

Let us consider the positive half cycle of the AC current as shown in Fig: 12.9. 



212 



Existing Winding 




Part I 



Fig:12.9. 



When the current raises from "Zero" Value of point "O"to apoint "a" the change in current is very 
rapid (Fast). Hence, it reduces an emf in the shaded coil on the basis of Faraday 's law of electromagnetic 
induction. 

The induced emf in the shaded coil produces a current which, in turn, produces a flux in accordance 
with Lenz Law. This induced flux opposes the main flux in the shaded portion and reduces the main flux 
in that area to a minimum value as shown in Fig: 12.9. 

This makes the magnetic axis to be in the center of the unshaded portion as shown by the arrow in 
part of fig: 12.9. On the other hand as shown in part 2 of 3 when the current raises from point "a" to 
point "b" the change in current is slow the induced emf and resulting current in the shading coil is 
mrnimum and the main flux is able to pass through the shade portion. 

This makes the magnetic axis to be shifted to the center of the whole pole as shown in by the arrow 
in part 2 of Fig: 12.9. 

In the next instant, as shown in part 3 of Fig: 12.9. When the current falls from "b" to "c" the 
change in current is fast but the change of current is from maximum to minimum. 

Hence a large current is induced in the shading ring which opposes the diminishing main flux, 
thereby increasing the flux density in the area of the shaded part. This makes the magnetic axis to shift 
to the right portion of the shaded part as shown by the arrow in part. 

From the above explanation it is clear the magnetic axis shifts from the unshaded part to the 
shaded part which is more or less a physical rotary movement of the poles. 

Simple motors of this type cannot be reversed. Specially designed shaded pole motors have been 
constructed for reversing operations. Two such types: 

a. The double set of shading coils method 

b. The double set of exciting winding method. 

Shaded pole motors are built commercially in very small sizes, varying approximately from 1/250 
HP to 1/6 HP. Although such motors are simple in construction and cheap, there are certain disadvantages 
with these motor as stated below: 

• Low starting torque. 

• Very little overload capacity. 

• Low efficiency. 
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APPLICATIONS 

• Record players 

• Fans 

• Hair driers. 

12.10. COMMUTATOR TYPE SINGLE PHASE MOTORS 

This type of motors have a wound rotor with brush and commutator arrangement like a dc armature. 
Commutator motors consist of two classes, namely, those operating on the principle of repulsion and 
those operating on the principle of series motor. 

1. REPULSON MOTOR 

Repulsion motors, though complicated in construction and higher in cost, are 
still used in certain industries due to their excellent starting torque, low starting current, 
ability to withstand long spell of starting currents to drive heavy loads and their easy 
method of reversal of direction. 

Now there is a condition that the rotor north pole will be repelled by the main 
north pole and the rotor south pole is repelled by the main south pole, so that a 
torque could be developed in the rotor. Now due to the repulsion action between 
the stator and the rotor poles, the rotor will start rotating in a clockwise direction. As 
the motor torque is due to repulsion action, this motor is named as repulsion motor. 

Fig: 12.10 




DIRECTION OF ROTATION 

To change the direction of rotation of this motor, the brush axis needs to be shifted from the right 
side as shown in Fig: 12. 1 1 to the left side of the main axis in a counter clockwise direction as shown in 
Fig: 12.11. 



o= 



<&= 




Angle position 
Brushes 




Angle p 



Fig:12.11 
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CHARACTERISTICS 

As explained earlier, the torque developed in a repulsion motor will depend upon the amount of 
brush shaft as shown in Fig: 12.11, whereas the direction of shift decides the direction of rotation. 

Further, the speed also depends upon the amount of brash shift and the magnitude of the load. 
Relationship between the torque and brush-position angle in a repulsion motor. 

Though the starting torque from 250 to 400% of the full load torque, the speed will be dangerously 
high during light loads. 

This is due to the fact that the speed of the repulsion motor does not depend on frequency or 
number of poles but depends upon the repulsion principle. 

Further, there is a tendency of sparking in the brashes at heavy loads, and the PF will be poor at 
low speeds. Hence the conventional repulsion motor is not much and the other three improved types 
are popular. 

12.12. UNIVERSAL MOTOR (SERIES MOTOR) 

It is also commutator type motor. Auniversal motor is one which operates both on AC and DC 
supplies. It develops more horsepower per Kg. weight than any other AC motor mainly due to its high 
speed. 

The principle of operation is the same as that of a DC motor. Though a universal motor resembles 
a DC series motor, it required suitable modification in the construction, winding and brush grade to 
achieve sparkles commutation and reduced heating when operated on AC supply, due to increased 
inductance and armature reaction. 



Field winding (stator) 




Fig:12.12. 

A universal motor could therefore be defined as a series or a compensated series motor designed 
to operate at approximately the same speed and output at either direct current or single phase alternating 
current of a frequency not greater than 50HZ, and of approximately the same RMS voltage. Universal 
motor is also named as AC single phase series motor. 

The main parts of a universal motor are an armature, field winding, stator stampings, frame and 
plates and brushed. The increased sparking at the brush position in AC operation is reduced by the 
following means: 
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Providing commutating interpoles in the stator and connecting the interpole winding in series with 
the armature winding. Providing high contact resistance brushed to reduce sparking at brush positions. 

OPERATION 

A universal motor works on the same principles as a DC motor i.e. force is created on the annature 
conductors due to the interaction between the main field flux and the flux created by the current carrying 
armature conductors . A universal motor develops unidirectional torque regardless of whether it operated 
on AC or DC supply. 

Fig: 12.12 shows the operation of a universal motor on AC supply. In AC operation, both field and 
armature currents change their polarities, at the same time resulting in unidirectional torque. 

CHARACTERISTICS AND APPLICATIONS 

The speed of a universal motor inversely proportional to the load i.e. speed is low at full load and 
high, on no load. 
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Fig: 12.13 

The speed reaches a dangerously high value due to low field flux at no loads in fact the no load 
speed is limited only by its own friction and windage losses. As such these motors are connected with 
permanent loads or gear trains to avoid running at no load thereby avoiding high speeds. 

Fig: 12.13 shows the typical torque-speed relation of a universal motor, both for AC and DC 
operations. This motor develops about 450 % of full load torque at starting, as such higher than any 
other type of single phase motor. Universal motors are used in vaccum cleaners, food mixers, portable 
drills and domestic sewage machines. 

CHANGE OF ROTATION 

Direction of rotation of a universal motor can be reversed by reversing the flow of current through 
either the armature or the field windings. It is easy to interchange the leads at the brush holders. 

However, when the armature terminals are interchanged in a universal motor having compensating 
winding, care should be taken to interchange the compensating winding also to avoid heavy sparking 
whilemnning. 
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12.14. THREE PHASE INDUCTION MOTOR 

INTRODUCTION 

The most common type of AC motor being used throughout the work today is the "Induction 
Motor". Applications of three-phase induction motors of size varying from half a kilowatt to thousands 
of kilowatts are numerous. They are found everywhere from a small workshop to a large manufacturing 
industry. 

The advantages of three-phase AC induction motor are listed below: 

• Simple design 

• Rugged construction 

• Reliable operation 

• Low initial cost 

• Easy operation and simple maintenance 

• Simple control gear for starting and speed control 

• High efficiency. 

Induction motor is originated in the year 1891 with crude construction. Then an improved 
construction with distributed stator windings and a cage rotor was built. 

The slipring rotor was developed after a decade or so. Since then a lot of improvement has taken 
place on the design of these two types of induction motors. Lot of research work has been carried out 
to improve its power factor and to achieve suitable methods of speed control. 

PRINCIPLE OF 3 PHASE INDUCTION MOTOR 

Induction motor works on the same principle as a DC motor, that is, the current carrying conductors 
kept in a magnetic field will tend to create a force. 

However, the induction motor differs from the DC motor in the fact that the rotor of the induction 
motor is not electrically connected to the stator, but induces a voltage/current in the rotor by the 
transformer action, as stator magnetic field sweeps across the rotor. 

The induction motor, derives its name from the fact that the current in the rotor is not drawn 
directly from the supply, but is induced by the relative motion of the rotor conductors and the magnetic 
field produced by the stator currents. 



Rotating Magnetic FieW 
of the Stator 




Fig:12.14. 
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The stator of the three-phase induction motor is similat to that of a 3 phase alternator, a revolving 
field type. If a three phase supply is connected to the three phase winding in the stator that produces a 
rotating magnetic field in the stator core. The rotor of the induction motor may have either shorted rotor 
conductors in the form of a squirrel cage or in the form of a three phase winding to facilitate the 
circulation of current through a closed circuit. 

Let us assume that the stator field of the induction motor is rotating in a clockwise direction as 
shown in Fig: 12.14. This makes for the relative motion of the rotor in an anti-clockwise direction as 
shown in Fig: 1 2. 1 4(b). 

Applying Fleming's right hand rule, the direction of emf induced in the rotor will be towards the 
observer as shown in Fig: 1 2. 1 5. As the rotor conductors have a closed electric path, due to their 
shorting a current will flow through them as in a short circuited secondary of a transformer. 

Rotating Magnetic Field of the Stator 




Fig:12.15 

The magnetic filed produced by the rotor current will be in counter-clockwise direction as shown 



in Fig: 12. 15. 



Rotating Magnetic Field Of The Stator 




Fig:12.16 

Accordingly to Maxwells Corkscrew Rule, the interaction between the stator magnetic field and 
the rotor magnetic field results in a force to move the rotor in the same direction as that of the rotating 
magnetic field of the stator as shown in Fig: 1 2. 1 6. As such the rotor follows the stator filed in the same 
direction by rotating at a speed lesser that the synchronous speed of the stator rotating field. 

At higher speeds of the rotor nearing to synchronous speeds, the relative speed between the rotor 
and the rotating magnetic field of the stator reduces and results in a smaller induced emf in the rotor. 
Theoretically, if we assume that the rotor attains a speed equal to the synchronous speed of the rotating 
magnetic field of the stator field and the rotor and thereby no induced emf or current will be there in the 
rotor. 
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Consequently, there will not be any torque in the rotor. Hence, the rotor of the induction motor 
cannot run at a synchronous speed at all. As the motor is loaded, the motor speed has to fall to cope up 
with the mechanical force, thereby the relative speed increased, and the induced emf and current increases 
in the rotor resulting in an increased torque. 

12.17. ROTATING MAGNETIC FIELD 

A rotating magnetic field is that which rotates in space at sybchronous speed, inside an induction 
motor starter. 

ROTATING MAGNETIC FIELD FROM A3 PHASE STATOR 

The operation of the induction motor is dependent on the presence of a rotating magnetic field in 
the stator. The stator of the induction motor contains 3 phase windings placed at 120 degree electrical 
apart from each other. These windings are placed on the stator core to form non-salient stator field 
poles when the stator is energized from the three phase voltage supply each phase winding will step up 
a pulsating field, however, by virtue of the spacing between the windings and the phase difference the 
magnetic fields combine to produce a field rotating at a constant speed around the inside surface of the 
stator core. This resultant movement of the flux is called the "Rotating magnetic field" and its speed is 
called the "Synchronous speed". 

The manner is which the rotating field is set up may be described by considering the direction of 
the phase currents at successive instants during a cycle. 

Fig: 12. 17 (a) shows a simplified star-connected, three phase stator winding. The winding shown 
is for a two-pole induction motor. Fig: 12.1 7(b) shows the phase currents for the three phase windings. 



3 Phase Supply 




Fig: 12.17 

The phase currents will be 1 20 electrical degrees apart as shown in Fig: 1 2 . 1 7(b). The resultant 
magnetic field produced the combined effect of the three currents is shown at increments of 60 degree 
for the cycle of the current. 

12.18. CONSTRUCTIONAL DETAILS OF INDUCTION MOTOR 

Three phase induction motors are constructed into two major types: 

1 . Squirrel cage Induction Motors 

2 . Slipring Induction Motors . 
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1. SQUIRREL CAGE MOTOR 

(a) Stator Construction 

/■ — -* (rh 

Frame 

-Stator core 

'-Winding 

^"""Spider 
tator slot 

Fig: 12.18 

The induction motor stator resembles the stator of a revolving field, three phase alternator. The 
stator or the stationary part consists of three phase winding held in place in the slots of a laminated steel 
core which is enclosed and supported by a cast iron or a steel frame as shown in Fig: 12. 1 8. 

The phase windings are placed 120 electrical degrees apart and may be connected in either star or 
delta externally, for which six leads are brought out to a terminal box mounted on the frame of the 
motor. When the stator is energized from a three phase voltage it will produce a rotating magnetic field 
in the stator core. 

12.19. (b) Rotor of a squirrel cage induction motor 

The rotor of the squirrel cage motor shown in Fig: 12.19 contains no windings. Instead it is a 
cylindrical core constructed of steel laminations with conductor bars mounted parallel to the shaft and 
embedded near the surface of the rotor core. 

These conductor bars are short circuited by an end rings at both end of the rotor core. In large 
machines, these conductor bars and the end rings are made up of copper with the bars brazed or 
welded to the end rings shown in Fig: 12. 1 9. 

In small machines the conductor bars and end rings are sometimes made of aluminium with the 
bars and rings cast in as part of the rotor core. 

Rotor Shaft ^ 
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Rotor conductor 
End Ring 

^Tlotor shaft 




Ballbearing 




Fig: 12.19 

220 



The rotor or rotating part is not connected electrically to the power supply but has voltage induced 
in it by transformer action from the stator. 

For this reason, the stator is sometimes called the primary and the rotor is referred to as the 
secondary of the motor since the motor operates on the principle of induction and as the construction of 
the rotor with the bars and end rings resembles a squirrel cage, the squirrel cage induction motor is 
used. 

The rotor bars are not insulated from the rotor core because they are made of metals having less 
resistance than the core. The induced current will flow mainly in them. Also the rotor bars are usually 
not quite parallel to the rotor shaft but are mounted in a slightly skewed position. This feature tends to 
produce a more uniform rotor field and torque. Also it helps to reduce some of the internal magnetic 
noise when the motor is running. 

(c) End Shields 

The function of the two end shields is to support the rotor shaft. They are fitted with bearings and 
attached to the stator frame with the help of studs or bolts attention. 

12.20. SLIP RING INDUCTION MOTOR 

a. Stator Construction 

The construction of the slipring induction motor is exactly similar to the construction of squirrel 
cage induction motor. There is no difference between squirrel cage and slipring motors. 

b. Rotor Construction 



Winding 
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Fig: 12.20 

The rotor of the slipring induction motor is also cylindrical or constructed of lamination. 

Squirrel cage motors have a rotor with short circuited bars whereas slipring motors have wound 
rotors having "three windings" each connected in star. 

The winding is made of copper wire. The terminals of the rotor windings of the slipring motors are 
brought out through sliprings which are in contact with stationary brushes as shown in Fig: 1 2.20. 
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THE ADVANTAGES OF THE SLIPRING MOTOR ARE 

• It has susceptibility to speed control by regulating rotor resistance. 

• High starting torque of 200 to 250% of full load value. 

• Low starting current of the order of 250 to 350% of the full load current. 

Hence slipring motors are used where one or more of the above requirements are to be met. 
12.20.1. COMPARISON OF SQUIRREL CAGE AND SLIPRING MOTOR 



S.No. 
1. 



2. 



Property 

Rotor Construction 



Starting 



Acceleration 
on Load 



Squirrel cage motor 

Bars are used in rotor. Squirrel cage 
motor is very simple, rugged and 
long lasting. No slip rings and gear 
need frequent maintenance. 



Can be started by D.O.L., star- 
delta, auto transformer starters 



3. 


Starting torque 


Low 


4. 


Starting Current 


High 


5. 


Speed variation 


Not- 



Not easy, but could be varied in 
large steps by pole changing or 
through smaller incremental steps 
through thyristors or by frequency 
variation. 



Just satisfactory 



Slipring motor 

Winding wire is to be used. 
Wound rotor required 
attention. 

Slipring and brushes are 
needed 

Rotor resistance starter is 
required. 

Very high 

Low 

Easy to vary speed but 
speed change with pole 
changing is not possible. 
Speed change is possible by 
inserting rotor resistance 
using thyristors or by using 
frequency variation injecting 
emf in the rotor circuit 
cascading. 

Very good 



7. 



Maintenance 



Cost 



Almost Nil maintenance 



Low 



Requires frequent 
maintenance 
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12.21. DOUBLE SQUIRREL CAGE MOTOR 

In order to overcome the disadvantages of the cage motor, and to avoid having to the use the 
more expensive slipring motor and its associated gear, increasing attention is being given to the use of 
the double cage rotor is increased temporarily while starting. 



Outer cage 



Inner 




Fig: 12.21 

The double cage rotor in its simple form consists of two separate cages. The outer or staring cage 
is made of high resistance material and is arranged to have the smallest possible reactance. 

The inner cage is of the ordinary low resistance type, and since it is sunk deep into the iron, has a 
high reactance of the inner and outer cage can be varied in an indefinite number of combinations and 
many shapes of speed torque curve can be obtained. 

At starting, the frequency of the currents in the rotor conductors is the same as the supply frequency. 
Thus the high reactance of the inner cage produces a choking effect and reduces the currency flowing 
in this winding. 

Most of the starting current is confined to the outer cage despite its high resistance. The outer cage 
being of high resistance develops a high starting torque depending largely on the value of its resistance. 

Apunching of such a double cage rotor lamination is shown in the Fig: 1 2.2 1 . As the rotor speed 
increases, and approaches synchronism, the frequency of the emf 's on its conductors falls and the 
choking effect in the inner cage is reduced. 

The inner cage now carries practically all the current until finally the rotor operates with the 
characteristics of an ordinary low - resistance rotor. The general result is to produce a machine having 
a high starting torque and a high running efficiency, with reasonably small value of starting current. 
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Questions 
Part A 
Choose the correct answer: 

1 . The a.c supply is given to the stator winding of the 1 § motor the flux wil be produced as 
a. Steady magnetic flux. b. Rotating magnetic flux 

c. Alternating magnetic flux d. none of these. 

2 . In 1 <j) motor to make it a self starting techniques can be adopted 

a. By increasing the supply voltage b. By increasing the line current 

c. By reducing the load d. By splitting in phase 

3 . In the split phase motor the main winding current Im lags the supply voltage by about 
a. 90° b 15° c. 80° d. 120° 

4. The starting winding is opened by a centrifugal switch when the motor has come up to about 
a. 75 - 80% of synchronous about b. 100% of synchronous speed 

c. 50% of synchronous speed d. 1/3 of the synchronous speed 

5 . In the capacitor start motor the starting capacitor leads the starting current by about 
a. 90° b. 120° c. 70° d. 20° 

6 . The starting torque of slipring induction motor is 

a. 200 - 250% of the full load value b. 300 - 450% of full load value 

c. 350 - 400% of the full load value d. 250 - 350% of full load value 

7. outer cage of Double squirrel cage rotor is made up of 
a. brass b. copper 

c. Aluminium d. Bronze 

Part-B 
Answer the following questions in one wore: 

1 . What is the power rating of fractional horse power? 

2. What are the two types of capacitors used in capacitor start, capacitor run motor? 

3 . Write the metal to be used for the shading coil 

4. What about the repulsion motor cost? 
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5 . State the name of the motor which works on AC/ DC 

6 . Why the end rings of the squirrel cage rotors are short circuited? 

7 . Give one advantages of the slipring motor 

Part-C 
Answer the following questions in briefly: 

1 . What are the types of single phase motors? 

2 . What are the advantages of capacitor start, capacitor run motor? 

3 . State the universal motor rotational direction can be changed? 

4 . What are the advantages of three phase induction motor? 

5 . What is the rotating magnetic field? 

6. What are the two types of 3 § inductions motors? 

Part-D 
Answer the following questions in one page level: 

1 . Explain the construction and operation of 1 <|> capacitor start capacitor run motor? 

2 . Explain the construction and operation of 1 § shaded pole motor? 

3 . Compare the squirrel cage motor and slipring motor? 

PartE 
Answer the following questions in two page level: 

1 . Explain the constructional details of squirrel cage Induction motor? 

2. Explain the constructional details of slipring Induction motor. 
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13. MOTOR STARTERS 

13.0. AC MOTOR STARTERS 

Necessity of starters 

Induction motors when direct- switched take five to seven times of their full load current and 
develop only 1 .5 to 2.5 times their full load torque. This initial excessive current is objectionable. 
Because, it will produce large line voltage drop that, in turn, will affect the operation of other electrical 
equipment connected to the same lines. Hence, it is not advisable to line start motors of rating above 30 
to 50 HP. 

The initial inrush of current is controlled by applying a reduced voltage to the stator during the 
starting period and full normal voltage is applied when the motor has run at the rated speed. For the 
above reason starters are used. 

Indian Electricity Rule strictly prohibits direct ON-starting of three phase induction motors above 
5 HP. 

TYPES OF INDUCTION MOTOR STARTERS 

1 . Full voltage Direct-on-line starting 

(a)D.O.L. starter. 

2. Reduced voltage starting. 

(a) Start-delta starter (b) Auto transformer Starter. 

3. Rotor Resistance Starter Rotor Control. 

FULL VOLTAGE DIRECT ON LINE STARTING 

13.1. D.O.L. Starter 



3-Phase supply 



Sealing 

contact 





(b) 



Fig: 13.1 
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It is recommended that large three phase squirrel cage induction motors be started with reduced 
voltage applied across the stator terminals at starting. But small motors upto 5 HP ratings may however 
be started Direct-On-Line (DOL). 

Direct-on-line method of starting of induction motors applicable upto a rating of 5 HP is shown in 
Fig : 1 3 . 1 . In the circuit in addition to fuses, thermal overload relay has been used to protect the motor 
windings against over load. 

When the "start" push button is pressed, the contactor coil 'A' becomes energized and it's open 
contacts are closed. The motor gets connected across the supply mains through the main contacts of 
the contactor. The motor continues to get supply even when the pressure on the push button is released, 
since the contactor coil will then get supply through the sealing contact 'a' of the contactor. 

Contactor 'a' of the contactor Ais therefore called the hold on contact. When the STOP push 
button is pressed the foil gets de-energised, the main contacts of the contactor opens and the motor 
stops. In case of overload on the motor, the contact 'e' of the overload relay (OLR) will open and 
subsequently the motor will stop. Fuses are provided for short circuit protection. 

13.1.1. REDUCED VOLTAGE STARTING 

Reduced voltage can be applied across the stator circuit either by use of an auto transformer or by 
connecting resistor or inductors in series with the stator winding or by connecting the stator winding at 
the time of starting in star. These methods are described as follows: 

1 . Star Delta Starting 

2. Auto Transformer Starting. 

13.2. Star Delta Method of Starting 

In this method the stator-phase windings come first connected in "STAR" and full voltage is 
connected across its free terminals. As the motor picks up speed, the windings are disconnected through 
a switch and they are reconnected in "DELTA" across the supply terminals. The current drawn by the 
motor from the lines is reduced to 1/3 as compared to the current it would have drawn if connected in 
delta. 

REDUCED TORQUE DUE TO STAR CONNECTION: 




Sir 'IJJCI 



Fig: 13.2 
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Torque developed by an induction motor is proportional to the square of the applied voltage. As 
the phase voltage is reduced to 1/3 times that in star connection, the starting torque will be reduced to 
one third. To get full torque in the motor it must be switched over to Delta connection. A simple manual 
Star-Delta Starter is shown in Fig: 1 3 .2. 

The making connections for star delta starting, care should be taken such that sequence of supply 
connections to the winding terminals does not change while changing from Star-connection to delta 
connection. Otherwise the motor will start rotating in the opposite direction, when connections are 
changed from star to delta. Star-delta starters are available for manual operation using push button 
control. An automatic star-delta starter uses time delay relays (TDR) through which star to delta 
connections take place automatically with some pre-fixed time delay. The delay time of the TDR is 
fixed keeping in view the starting time of the motor. 

13.3. AUTO TRANSFORMER STARTER: 

An auto transformer starter consists of an auto transformer and a switch as shown in Fig: 13.3. 




Stator 



Rotor 



Start 



Run 



Fig:13.3 

When the switch ' S ' is put on "START" position, a reduced voltage is applied across the motor 
terminals. When the motor picks up speed, say to 80 percent of its normal speed the switch is put to 
"RUN" position. Then the auto transformer is cut out of the circuit and full rated voltage gets applied 
across the motor terminals. 

The circuit diagram in Fig: 13.3 for a "manual auto transformer starter". This can be made push- 
button operated automatic controlled starter so that the contacts switch over from start to run position 
as the motor speed picks up of 80% of its speed. Overload protection relay has not been shown in 
Fig:13.3. 

The switch "S" is air break type for small motors. More than one tapping to enable the user to 
select any suitable starting voltage depending upon the conditions. 
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13.4. ROTOR RESISTANCE STARTER 




Stator 



Rotor 



Fig: 13.4. 

The easiest method of starting wound-rotor (slip ring) induction motors to connect some extra 
resistance in the rotor circuit as shown in Fig: 13.4. 

Connection of extra resistance in the rotor circuit decreases the starting current and at the same 
time increases the starting torque. 

As the motor starts rotating the extra resistance is gradually cut out. When the motor attains rated 
speed the resistance is fully cut out and slipring terminals are short circuited. The motor now operates 
on its own characteristics which gives rise to maximum torque at a low slip. 

13.5. DC MOTOR STARTER 

THREE POINT STARTER 




+ ch 



Fig: 13.5 
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Three point starter is used to start the shunt and compound motor. In three point starter, three 
terminals L,A,F (Line, Armature and Field) are available. In this starter, the resistance elements are 
mounted on the back side of a slate board. On the front side of the board, brass studs are provided and 
the resistance junctions are connected with each brass stud. Two protective device overload release 
and no volt release are incorporated in the circuit as shown in the diagram. The handle of the starter is 
fixed in such a way to move the brass studs. 

When the handle touches the first stud, the full resistance is connected in series with the armature. 
The field circuit is connected across the full supply voltage. As the handle is moved over the studs, the 
resistance connected in series with the armature circuit is gradually cut out. The handle move against 
spring force as shown in the diagram. 

A soft iron piece is attached to the handle. The soft iron piece is attached by the electro-magnet 
(NVR), when the handle reaches the "ON" position. In case of a failure of the supply or the voltage is 
very low, the electro magnet de-energises and release the armature. The spring force bring the handle 
to "OFF" position. 

PROTECTIVE DEVICES: 

No Volt Release (NVR) 

This consists of an electro magnet (NVR). This is connected in the field circuit. As soon as the field 
circuit gets supply, this is energized. It holds the handle in the "ON" position. As explained above, in 
case of afailure of the supply, this becomes de-energised and the handle is released from "ON" position. 
The handle returns to "OFF" position, due to the action of the spring. If this provision is not provided, 
when the supply were restored, the current through the armature is high and this will damage the 
armature windings. 

OVERLOAD RELEASE (OLR) 

This also consists of an electro magnet. This electro magnet coil is energized by the line current. 
When the load on the motor is increased above a pre-determined value, the magnetizing force established 
is sufficient to lift the movable iron. When it is lifted by the electro magnet of OLR it short circuits the 
terminals of the coils of the No volt release. Hence, the No volt coil is de-energised and the starter 
handle returns to "OFF" position. Thus the overload release protects the motor against over loads. 

This starter is not generally used where the field current is often adjusted for a higher speed than 
the normal speed, the handle returns to the OFF position. This may cause for reduction in field current. 

This is disadvantageous in Three point starter and it is eliminated in Four point Starter. 

13.6. FOUR POINT STARTER 

The four point starter is used for starting shunt and compound motors. 

The four point starter, the four terminals L+, L-, A and F (Line+, Line-, Armature and Field) are 
available. 

The constructional details and an operational details are the same as that of the three point starter, 
except the following difference. 
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Fig:13.6 

In three point starter, the coil of the No volt release is connected in series with the field circuit. But 
in four point starter, the coil of the no volt release does not carry the field current. It is connected across 
the supply line through aprotective resistance Rp. The no volt coil is independent of the field current, so 
any change in shunt filed current do no effect the current through the no volt coil. The current through 
the no volt coil does not decrease even when the field reneostat is adjusted for speed variations. The 
electro magnetic pull produced by the no volt coil will always be the same and sufficient to hold the 
handle in "ON" position. Thus, the misoperation as in three point starter never takes place in Four point 
Starter. 

QUESTION 

PartA 
Choose the correct answer: 

1 . 30 induction motors draw the very large current at time of starting as 

a. 3 times of full load value b. 2 1 12 times of full load value 

b. 7 times of full load value d. none of these 

2. Reduced voltage starting types of induction motor starter is 
a. Star - delta starter b. D.O.L starter 

c. Rotor resistance starter d. 3 Point starter 

3 . Fuses are provided in the D .O.L Starter for 

a. limit the supply voltage b. limit the current 

c . reduce the starting current d. short circuit protection 
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4 . The supply voltage is reduced in star connection as 

a. 1/V3 times b. 1/3 times c. 1/2 times d. 2/ 3 time 

5. In the three point starter NVR Coil is connected in the 

a. armature circuit b . Field circuit 

c. Across the supply main d. in between armature and field circuit 

6. Over load release coil protects the motor against 

a. over loads b. over voltage c. over speed d. over heat 

7 . In four point starter the NVR coil is connected in the 

a. field circuit b . Armature circuit 

c. across the supply line through a protective resistance d. across the supply line 

Part-B 
Answer the following questions in one word: 

1 . Mention the suitable starter for 5 HP squirrel cage induction motor. 

2 . Mention the suitable starter for 3 HP squirrel cage induction motor. 

3 . What type of connection is done in the winding at the time of starting start delta starter operation? 

4. Write the method of starting by using auto transformer starter? 

5 . Where the extra resistance should be added in the slipring induction motor? 

6. State the protective divices of three point starter? 

7 . Write the four points of the four point starter. 

Part-C 
Answer the following questions in briefly 

1 . What are the types of induction motor starters? 

2 . What are the methods of reduced voltage starting? 

Part-D 
Answer the following questions in one page level 

1. Explain the operation of D.O.L starter? 

2. Explain the operation of auto transformer starter? 

3 . Explain the operation of rotor resistance starter? 

Part-E 
Answer the following questions in two page level 

1 . Explain the operation of three point starter? 

2. Explain the operation of four point starter? 
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14. ELECTRONICS 

14.0. ATOMIC STRUCTURE 

All matters consist of atoms. According to Bohr's theory, an atom consists of three particles, 
namely - electron, proton and neutron. The proton is a positively charged particle the electron is a 
negatively charged particle and the neutron is an electrically neutral particle. The protons and neutrons 
are clustered together to form a hard central area, called nucleus (positive charges). The electrons 
revolve around the nucleus, in a well defined path called orbit 

In a normal atom, the number of protons is equal to the number of electrons. Hence, the entire 
atom is said to be electrically neutral. 

Atomic number - Number of electrons 

Number of protons. 

Atomic weight of an atom - Number of protons + Number of neutrons. 

14.1. ARRANGEMENT OF ELECTRONS IN ATOMS 

The electrons revolve around the nucleus, in different energy levels, called K,L,M,N, etc. shells. 
The K shell is placed in close to the nucleus, the next shell is L and so on. The maximum number of 
electrons in any shell is given by the relation of 2n2 (i.e. n- order of the shell, counted from nucleus). 

The maximum number of electrons placed in different shells are given below: 

K Shell (First Shell) = 1 orbit = 2 x 1 sq. = 2 electrons. 

L Shell (Second shell) = 2 orbits = 2 x 2sq. = 8 electrons 

M Shell (Third shell) = 9 orbits = 2 x 3 sq. = 1 8 electrons 

N Shell (Fourth shell) = 1 6 orbits = 2 x 4sq. = 3 2 electrons. 





Fig: 14.1 

Each shell contains one or many orbits. Each orbit contains only two electrons, which revolve 
around the nucleus in opposite directions. The arrangement of electrons in silicon (Si) and gennanium 
(Ge) atoms, is shown in the Fig: 14.1 . The atomic number of silicon is 14 and germanium is 32. 

In Si atom, the electrons are arranged in the following manner. 

Si(14),K(=2),L(=8),M(=4) 
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The maximum number of electrons to be placed in the M shell is 1 8. But in Si, it contains only 4 
electrons. Similarly in Germanium atom, the electrons are arranged as: 

Ge(32), K(=2), L(=8), M(=18), N(=4). 

The outer shell contains only 4 electrons irrespective of 32 electrons. 

The electrons placed in the orbits close to the nucleus are called bound electrons. Similarly, the 
electrons placed in the orbits away from the nucleus are free electrons. The electrons placed in the 
outermost orbit are called Valence Electrons. The conduction of an atom depends on Valence Electrons. 

14.2. ENERGY LEVELS 

The energy band occupies by Valence Electrons is called Valence Band. During conduction, the 
electrons are moved from one orbit to another, or from one atom to another atom. This energy band is 
called conduction band. During conduction, the electrons are moved from valence band to conduction, 
the electrons are moved from valence band to conduction band. The energy gap between valence band 
to conduction band. The energy gap between valence band and conduction band is called forbidden 
energy gap. The energy level diagrams of insulator, semi-conductor and conductor are shown in the 
Fig: 14.2. 

Conduction band 



Empty conduction band 



Conduction band 




(«) Insulators < h > Semiconductors (f) Mm|s 

Energy band diagram 

Fig: 14.2 

Insulator 

In insulators (wood, glass), the forbidden energy gap is very high (- 1 5ev). If the energy applied to 
the insulator is more than 1 5ev, the electrons are moved from valence band to conduction band. But 
this energy will destroy the insulators, not possible to apply in insulators. 

Semi-conductor 

In semi-conductors (silicon, germanium) the forbidden energy gap is only leV. Therefore, a small 
amount of energy is required for moving the electrons from valence band to conduction band. 

Conductor 

In conductors (Aluminium, Copper), the valence band and conduction band are overlapped with 
each other. Hence, without applying any energy, large number of free electrons are available in the 
conduction band. Hence large current flows in conductors. 
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14.2.1. TYPES OF SEMI-CONDUCTORS: 

In every elements, the atoms, are tied together by the bending action of valence electrons. Si and 
Ge atoms contain only 4 valence electrons. These electrons have a tendency to fill the last outermost 
orbit. In this way, the electrons placed in the last orbit of an atom share the electrons with their neighbouring 
atoms. Similarly, all electrons are tied together with their neighbouring atoms. For this, they form a band 
called co-valentbond. 

The semi conductors are classified as follows: 
Semi-conductors 



Intrinsic Semi conductors 



Extrinsic 



Semi conductors 



N.Type Semi-conductors 



P. Type Semi-conductors. 



14.3. INTRINSIC SEMI CONDUCTORS 




Cores of Sifor GcJaiom 

Valence electron 
Co-valenl bund 



Fig: 14.3 

Apure semi conductor is called intrinsic semi conductor. The silicon and germanium atoms 
contains only four electrons in the outermost orbit. So they are called tetravalent atoms. The co-valent 
band structure of germanium atom is shown in the Fig: 14.3. 

At low temperature (0 K), the semiconductor behaves as a perfect consulator. Now no electrons 
get away from the co-valent band. So the current flow (electron flow) is zero. At room temperature, 
some of the valence electrons may acquire sufficient energy. The bonds may be broken, the electrons 
become free and are shifted to the conduction band as shown in the Fig: 1 4.4. 
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Fig: 14.4 



The motion of electrons constitutes electron current. The vacancy created by this electron in the 
valence band is known as holes, and acquires a positive charge. The combination of electron and hole 
is known as electron hole paid. In the intrinsic semi-conductors, the number of electrons is equal to the 
number of holes. The amount of current flow depends upon the number of electron-hole pairs broken, 
depends upon the applied electric field (Voltage). 

When an external electric field is applied across the intrinsic semi conductor, more number of 
electron hole pair combinations will be broken. According to the amount of electric field, many free 
electrons are moved to the positive potential through holes called electron current. Now the holes are 
moved towards the negative potential called hole current. The sum of electron current and hole current 
is known as electric current. 

EXTRINSIC SEMICONDUCTOR 

The electrical conductivity of pure semiconductor is increased by adding some impurities in it. The 
resultant semi-conductor is called extrinsic semi conductor. The process of adding impurities to a pure 
semi conductor is known as doping. The purpose of adding impurities in the pure semi conductor is to 
increase the number of free electrons or holes, for increasing their conductivity. 

The extrinsic semi conductors are divided into two types. They are N-type semi conductors and 
P-type semi conductors. 

14.5. N-Type Semi conductors 

N-type semi conductor is formed by adding a small amount of pentavalent impurities (such as 
arsenic, antimony or phosphorous) to a semi conductor (such as silicon or germanium) material. The 
added impurities are called donar impurities because they will donate electrons. 

Germanium atom has four valence electrons, and antimony has five valence electrons. The antimony 
forms co-valent bonds with their surrounding for germanium atoms. The co-valent bond structure and 
energy band diagram of N-type semi conductor is shown in Fig: 14.5. 
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b) Energy band diagram 



The four valence electrons of antimony atom form co-valent bonds with four valence electrons of 
individual germanium atom. The fifth valence electron of antimony is left free, loosely bound to the 
antimony atom. 

This loosely bound electron can be easily excited from the valence band to the conduction band 
by the application of small electric field. The extra electron creates impurity because it can donate one 
electron for conduction. 

Thus the addition of pentavalent impurities increases the number of electrons in the conduction 
band, thereby increasing the conductivity of the semi conductor. Now the semi conductor contains 
more electrons and less holes. Hence it is called N-type semi conductor. So the electrons are called 
majority carriers and holes are called minority carriers. 

14.6. P-TYPE SEMI CONDUCTOR 

P-type semi-conductor is formed by adding a small amount of trivalent impurities (such as Aluminium 
or Boron) to apure semiconductors (such as Silicon or Germanium) material. Three valence electrons 
in aluminium from co-valent bond with four surrounding atoms of Ge. Now one co-valent bond is 
incomplete, which gives rise to a hole. The co-valent bond structure and energy band diagram are 
shown in the Fig: 14.6. 

For this, more number of holes (positive charge) are generated. The holes increase the conductivity 
of the P-type semiconductor. 




a) Covalent bond 



Fig: 14.6 
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This impurities are known as acceptor impurities, because the holes created can accept electrons. The 
number of holes is more than the number of electrons. In P-type semiconductors holes are majority 
carriers and electrons are minority carriers. 

14.7. P-N Junction Diode (Semiconductor Diode) 

A PN Junction is formed by suitably joining a P-type semi-conductor and a N-type 
semiconductor. A PN Junction is shown in the Fig: 14.7. 
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Fig: 14.7 

The P-type semiconductor has more holes and less electrons. The N-type semiconductors has 
more electrons and less holes. Therefore at the junction , the electrons in the N-side have a tendency to 
move towards the P-side. Similarly, the holes on the P-side have a tendency to move towards the N- 
side. According to that, the electrons and holes recombine with each other to form a region at the 
junction. It is "depletion region". When the free electrons move from N-type to P-type, the donar irons 
becomes positively charged. These two charges, on either sides make a potential across the depletion 
region called "barrier potential". 

The barrier potential opposes the flow of carriers through the junction, maintain an equilibrium 
level. The barrier potential aids the flow of minority carriers and opposes the flow of majority carriers 
through the junction. For both these opposite effects, no charge carriers are flow through the junction at 
normal conditions. 

The net current that flows through a PN junction diode contains two components. They are (i) drift 
current and (ii) diffusion current. 

Drift current 

When an electric field is applied across the semiconductor materials, the charge carriers attain 
some energy. Now the holes move towards the negative terminal and the electrons move towards the 
positive terminals of the battery. This combined effect of movement of charge carriers constitutes a 
current known as :Drift Current". 

Diffusion current 

When no electric field is applied, the charge carriers in the semiconductor materials may produce 
concentration gradient. The charge carriers have the tendency to move from the higher concentration 
region to that of lower concentration region. Now the movement of charge carriers produces a current 
known as "Diffusion current". 
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Working of a PN Junction Diode 

The construction of any diodes, depends on their biasing. There are two types of biasing, known 
as Forward biasing and Reverse biasing. 

l.Forward Biasing: 

In forward biasing, the positive terminal of the battery is connected to the P-type and the negative 
terminal of the battery is connected to the N-type materials of the diode, shown in the Fig: 14.8. 
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Fig: 14.8 



Under the forward bias condition, the applied positive potential repels the holes in P-type region. 
The negative potential repels the electrons in N-type regions. Nowthe electrons in N-type region and 
the holes in the P-type region move towards the junction. This reduces the width of the depletion region 
and also the barrier potential. 

If the applied potential is greater than barrier potential, the maj ority carriers on both regions move 
towards the junction. It makes current flowthrough the junction. The amount of current flow depends 
upon the magnitude of applied potential. 

The VI characteristics of a PN junction diode under forward bias condition is shown in the Fig: 14.9. 
When the applied potential is less than cut-in or threshold voltage, the current flow is very low. The cut 
in voltage is generally 0.3 V for Germanium and 0.7V for silicon diodes respectively. At the cut-in 
voltage, the applied potential overcomes the barrier potential, increases the current rapidly. 
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0.3V 0.7V 



Fig: 14.9. 



2. Reverse Biasing 



In reverse biasing, the positive terminal of the battery is connected to the N-type and the negative 
terminal of the battery is connected to the P-type materials of the diode shown in fig: 14.10. 
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Under reverse bias condition, the majority carriers with P and N regions are moved towards 
the battery respectively. The holed in P-type and the electrons in the N-type regions move to the 
negative and positive terminals of the battery respectively. Hence, the width of the depletion region is 
increased which prevents the flow of maj ority carriers through the junction. 
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Fig: 14.11 

When the applied voltage is slowly increased the minority carriers (electrons) in P region and the 
minority carriers (holes) in N-region make a small amount of current flow through the junction. This 
current is called "reverse saturation current" shown in Fig: 14.11. 

When the applied reverse voltage is further increased, breakdown occurs in the junction. Now 
large reverse current flows through the junction. The minimum voltage that needs to breakdown occurs 
in the j unction is called "breakdown voltage". 

According to the operations, the diode is an uni -directional device. The diode generally permits 
the current in only the direction. Hence, it is used in rectifiers, clippers, clampers, etc. 

DIODE APPLICATIONS 

1 . Rectifier in power supplies. 

2 . Switch in digital logic circuit 

3 . Clamping networks used as dc restorer in TV receivers and voltage multipliers. 

4. Clipping circuits used as wave shaping circuits used in Computers, radars, radio and TV receivers. 

5 . Demodulation circuits used as wave shaping circuits used in Computers, radars, radio and TV 
receivers. 
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14.12. RECTIFIER 

Introduction 

Mostly all electronic devices require DC power for their proper operations. DC batteries are used 
for moving vehicles and rarely in commercial appliances, but they are costly and require frequent charging 
or replacement. So we can get DC power from AC lines by using regulated DC power supply. It 
consists of transformer, rectifier, filter and regulator. 

Classification of Rectifiers 

The unidirectional characteristic active element diode is used for this purpose. The rectifier converts 
an AC signal into DC signal. There are three different types of rectifiers, namely: 

a. Half wave rectifier 

b. Full wave rectifier 

c. Bridge rectifier. 
HALFWAVE RECTIFIER 



A, C. Supply 




Fig: 14.12 

This rectifier converts an AC input voltage into DC pulsating voltage for only one half cycles of the 
applied voltages. The circuit diagram of a halfwave rectifier is shown in the Fig: 14.12. This circuit 
contains only one diode. So the output contains only positive half cycles of the input. 

OPERATION 

During the positive half cycles of the input signal, terminal Ais positive with respect to terminal B . 
Now diode D conducts in forwards bias. So the current flows from terminals A to B through diode D 
and load resistor RL. Hence, input voltage is fully dropped across the load resistor RL. 

During the negative half cycles of the input signal, terminal ' B' is positive with respect to terminal 
A. Now diode D conducts in reverse bias. So no current flows through the diode and load resistor. 
Now the output voltage is Zero. 

In this circuit, the output contains only the positive half cycles of input signed. So it is called hall- 
wave rectifier. The input and output waveforms are shown in the Fig: 1 4. 1 3 . 

In this rectifier, the diode conducts only the positive half cycles of the input signal. So the current 
flows through the transformer is in only one direction. Hence, DC saturation of the transformer takes 
place. The peak inverse voltage of the diode should be atleast equal to Vm. 
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Fig:14.13 



14.14. Fullwave Rectifier 



Full wave rectifier contains two diodes, so these diodes conduct full cycles of the input signal. The 
circuit diagram of a fullwave rectifier is shown in the Fig: 14. 14. This rectifier uses centre tap transformer 
which produces two equal magnitude of voltages at the opposite terminals. One end terminal voltage is 
out of phase with the other end terminal voltage with respect to centre tap terminal. 
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Fig.14.14 



Operation 



During the positive half cycles of the input voltage, terminal A is positive, and B is negative with 
respect to terminal 0. Now the diode Dl conducts in forward bias and diode D2 conducts in reverse 
bias. So the current 1. 1 flows from the terminal A to the load through diode Dl . No current flows 
through the diode D2. 

Similarly, during the negative half cycle of the input voltage, terminal B is positive and A is negative 
with respect to terminal O. Now the diode D2 conducts in forward bias and the diode D. 1 . conducts 
in reverse bias. So the current i2 flows from terminal B to the load through the diode D2. The currents 
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i 1 and i2 flows through the load in same direction. If the magnitude of applied voltage at terminal A is 
equal to terminal B voltage, the current i 1 is equal to i2. 
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Fig:14.15 

The input and output signal wave forms are shown in the Fig: 14. 15. 

In this rectifier, the two diode currents flow in opposite directions through the transformer. So, DC 
saturation of the transformer does not take place. The peak inverse voltage of the diode should be 
atleast equal to 2vm. 

14.16. Bridge Rectifier 

Bridge rectifier is also a fullwave rectifier. It contain four diodes and an ordinary stepdown 
transformer. The circuit diagram of bridge rectifier is shown in the Fig: 14. 1 6. 



A.C.Supply 




Fig:14.16 
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Operation 

During the positive cycle of the input signal, terminal A is positive with respect to terminal B. Now 
the current flows through Dl , RL and D2. Thus the input signal is folly dropped across the resistor RL. 
Now the diodes D2 and D4 are not conducting. 

During the negative halfcycle of the input, terminal B is positive with respect to terminal A. Now 
the current flows through D2, RL and D4. Thus the input signal is also fully dropped across the resistor 
RL. Now the diodes D 1 and D2 are not conducting. 
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Fig:14.17. 

During both half cycles, the current flows through the load resistor, RL in same direction. The input 
and output signal waveforms are shown in the Fig: 14.17. The peak inverse voltage of the diode is equal 
to Vm. 

Rectifier Applications 

i. DC motor drivers. 

ii. Welding power supplies. . 

iii. Uninterrupted Power Supplies (UPS) 

iv. Industrial systems that require dc voltage. 
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14.18. Filters 

Filter is a circuit contains only passive components. It is used to convert pulsating DC signal into 
a steady (pure) DC signal. Generally the output of the rectifier contains DC components as well as AC 
components. The presence of AC components in the DC signal is undesirable. So it must be removed 
using filters. The filter circuit removes (for minimizes) the unwanted AC signal present in the rectified 
output DC signal. 

The various types of filters are: 

i. Capacitor Filter 

ii. Inductor filter 

iii. LC (Inductor Capacitor Filter) LC (Inductor Capacitor Filter) 

iv. n Filter 

v.RC Filter. 

4.19. CAPACITOR FILTER 

The circuit diagram of a capacitor filter is shown in the Fig: 14.18. The capacitor C is placed 
across the rectifier output and also parallel to the load resistor RL. 

The pulsating DC voltage of the rectifier output is applied across the capacitor. The capacitor 
opposes the sudden variation of the voltage applied across to it. During the rising voltage of the input 
the capacitor charges, and during failing voltage of the input the capacitor discharges through RL. 




Rectified 
output 

(Vi) 



Rl v 



Fig: 14.19 (a) 

At the maximum input voltage, the capacitor charges to a maximum voltage Vm. In between the 
input voltage levels the capacitor does not discharge the full Vm voltage. 
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So, it will reduce the amount of AC component present in the DC signal. The input and output 
signal "waveforms are shown in the Fig: 1 4.19. 



14.20. INDUCTOR FILTER 
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Fig: 14.20 

The circuit diagram of an Inductor filter is shown in the Fig: 14.20. The inductor opposes the 
sudden variation of current which is connected in series with the load resistor RL. 




time 



\ i\ Filtered output 
V| waveform 
I 

time 



Fig:14.21. 

So the inductor reduces the amount of variations of ripple current. Hence, AC ripple will be 
reduced. The input and output waveforms are shown in the Fig: 14.21. 

14.22. LC Filter 
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Fig: 14.22. 
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This filter is a combination of capacitor and inductor filters. It provides low ripples than capacitor 
and inductor filters. The circuit diagrams of LC filter is shown in Fig: 1 4.22. 
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Fig: 14.23. 

The inductor provides high reactance to the AC components of the rectified output and it also 
blocks the AC components. It passes the DC components to the load. The AC component is also once 
again filtered by capacitor C. Sop the output contains almost only pure DC components. The input and 
output signal waveforms are shown in the Fig: 1 4.23 . 

14.24. (Pti) FILTER 
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Fig: 14.24. 



The n filter contain two capacitors and only one inductor, form a symbol of n. It is also called 
capacitor input filter as shown in the Fig: 14.24. The capacitor CI offers low reactance to the ac 
components to the rectified output. So the AC components are bypassed to ground through C 1 . 

The inductor L provides High reactance to the ac components. So the ac components are dropped 
across the inductor, it passes only the dc components. 

The capacitor C2 against removes the ac components present in the dc signal. As a result the 
output contains only pure dc components. The large values of capacitors produce high dc output 
voltage. 

14.25. Zener diode 

Zener diode is a specially designed PN junction diode. It is a heavily doped PN junction diode. 
The symbol and equivalent circuit of a Zener diode is shown in the Fig: 14.25(a) and (b). 



247 



K O 



^ 



A 6 
(a) Symbo] 



I 

♦I 

T 



(b) Equivalent 
circuit 



Vr(V) 



I 

JKmA) 



Qt 



R«5ulalKWiRog>on 



W(V) 

If(itiA) 

J(Z-max) J 



Fig: 14.25 

The operation of the Zener diode is same as that of an ordinary PN junction diode in forward 
biased condition. But in reverse biased condition, break down may occur in the junction of the diode. 
The breakdown voltage depends upon the amount of doping. Heavily doped diodes breakdown at low 
voltage levels. Similarly, lower dopes diodes breakdown at high voltage levels. The VI characteristics 
of Zener diode is shown in the Fig: 14.25 ( C). 

In forward biasing, the current is linearly increased with respect to applied voltage. Now the 
conduction depends upon the majority carriers. In reverse biasing the current is very low before 
breakdown levels. After breakdown the current increases rapidly. The reverse breakdown of the Zener 
diode may occur due to the following mechanism. 

i. Avalanche breakdown 

ii. Zener breakdown. 

ZENER DIODE APPLC ATIONS 

i.Zener diode used as a Voltage regulator. 

ii. Zener diode used to meter protection purpose. 

iii. Zener diode used to convert sine wave into almost square wave. 

14.26. LIGHT EMITTING DIODE (LED) 

LED is a specially made forward biased PN Junction diode which emits light when current flows 
through it. 
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Fig:14.26. 

248 



AO 



0. 



(b) Symbol 



^ 



The construction and symbol of LED is shown in the Fig: 14.26. In this diode, a P-type 
semiconductive material is deposited on the N-type substrate layer by using diffusion method. Metal 
contacts (Anode) are made at the outer edge of the P-layer. A cathode connection is also formed by 
coating a metal film at the bottom of the N-substrate. The metal film reflects more lights to its surface. 
The colour of the light emits from the diodes depending upon the type of material used as given below: 



i. GaAS 


Infrared radiation 


ii. GaP 


Red or Green Light 


iii. GaAsP 


Red or Yellow Light 



Principle of Operation 

When a forward bias supply is applied to the diode, the electrons and holes moves towards the 
junction and recombination take place. After recombination, the electrons lying in the conduction band 
of N-region move towards the holes laying in the valence band of P-region. The energy difference 
between valence band and conduction band is radiated in the form of light. 

Characteristics 
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Fig: 14.27. 

The illumination characteristics, between current and brightness is shown in the Fig. 1 4.27. The 
amount of light emitted from the diode is directly proportional to the forward current flows through the 
diode. 

APPLICATIONS 

a. Used in ON and OFF indicators. 

b. Used in programmable advertisement boards. 

c. Used in optical communications 

d. Used in 7 segment and 1 4 segment displays. 

e. Used in optical switching applications. 

f. Used for solid video displays 

g. Used in image sensing circuits. 
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14.28. SEVEN SEGMENT LED DISPLAY 
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Fig: 14.28. 

The Fig: 1 4.28(a) shows the structure of a seven segment LED display, it contains seven rectangular 
LEDs. Each LED is called a segment because it forms apart of the character being displayed. 

There are two possible connections in seven segment displays. They are common anode type and 
common cathode type. The schematic diagram of common anode type and common cathode type of 
seven segment display is shown in the Fig: 1 4.28 (b) and (c). In the common anode type, the anodes of 
all segments are tied together and connected to positive supply voltage (+Vcc). In the common cathode 
type, the cathodes of all segments are tied together and connected to ground. 

Generally, the seven segment LED is driven by decoders or code converters. The choice of 
method selected out of common anode and common cathode depends upon the output of code 
converters. Such common anode and common cathode connections are available from many 
manufacturers in dual-inTine package similar to ICs. 

Common anode connections requires active low configuration for the code converter circuitry. 
The active high output circuit is necessary for common cathode connected LED display. The terminals 
marked a,b,c,d,e,f and g are connected to the outputs of code converter. The output is generally a TTL 
type circuit. The value of the current flowing through the chosen LED is set by a proper choice of series 
resistor R. 

14.29. BIPOLOR JUNCTION TRANSISTORS 
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b) Symbol of NPN transistor b) Symbol of PNP transistor 
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Transistor is a semiconductor device, containing three layers and two junctions. There are two 
types of transistors namely (i) NPM transistor and (ii) PNP transistor. 

In NPN transistors, a thin layer of P type is sandwiched between two N type layers. In PNP 
transistors, a thin layer of N type is sandwiched between two P type layers. The structure and symbol 
of both transistors are shown in the Fig: 14.29. 

The three portions of transistors are Emitter (E), Collector ( C) and Base (B). An arrow is marked 
in the emitter terminal specifies the direction of current. Emitter layer is heavily doped, so that it can 
inj ect a large number of carriers into the base. Base is lightly dopes and very thin. It passes most of the 
injected charge carriers from the emitter into the collector. Collector is moderately dopes. It collects 
majority carriers from the emitter. 

14.30. TRANSISTOR OPERATIONAL BIASING 
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Fig:14.30 

Usually the emitter base junction is forward biased and collector base junction is reverse biased, 
as shown in the Fig: 14.30. The forward bias voltage is quite small and the reverse bias voltage is 
considerably large. The resistance of the forward biased base-emitter junction is low. The resistance of 
the reverse biased collector-base junction is high. In transistors, the weak signal is applied to the low 
resistance circuit, and the output is taken from the high resistance circuit. So a transistor transfers the 
signal from low resistance side to high resistance side. Hence it is called "TRANS" ferres "ISTOR" 
(Transistor). 

14.31. OPERATION OF A NPN TRANSISTOR 
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Fig: 14.31. 
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A NPN transistor with proper biasing is shown in the Fig: 14.31. The emitter-base junction is 
forward biased by the potential VEE. The collector-base junction is reverse biased by the potential 
VCC. 

The forward bias potential VEE, causes a lot of the electrons from the emitter region to cross over 
the base region. This produces the emitter current IE. The base is lightly dopes, hence few number of 
electrons from the emitter recombine with the holes in the base region, producing the base current IB. 
The remaining electrons, move towards the collector region, by the collector-base potential VCC, 
which produces collector current IC. 

According to the reverse bias voltage (VCC) between the collector and base, a small reverse 
current flows through the region. Now collector current consists of majority carriers and minority carriers, 
so the transistor is called Bipolar Junction Transistor (BJT). The emitter current is approximately equal 
to the sum of base current and collector current. 

The electrons and holes move in opposite directions. The direction of the electric current is also in 
opposite with the direction of electron movements. According to the biasing, proactically the transistor 
operates in three regions, namely- active, cut-off and saturation. During active region, the input (BE 
junction) is in forward biasing and the output (BC junction) is in reverse biasing. In saturation region 
both, the input and output are in forward biasing. Similarly in cut off region, both the input and output 
are in reverse biasing. 

14.32. OPERATION OFAPNP TRANSISTOR 
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Fig: 14.32. 
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A PNP transistor with proper biasing is shown in the Fig: 14.32. The operation of PNP transistor 
is identical with the operation of NPN transistor. Hence, the current flow depends upon the holes 
(majority carriers) in the P-type emitter region. 

The forward bias (with VEE) is applied in between base and emitter junction, and reverse bias 
(with VCC) is applied in between base and collector junction of the transistor shown in the figure. 

The forward bias (VEE) causes a lot of holes from the emitter region and constitutes the emitter 
current, to cross into the base region. The base is lightly doped with N-type impurities. Therefore, only 
a few holes (less than 5%) combine with the electrons constitute a base current IB. The remaining holes 
(more than 95%) cross into the collector region to constitute the collector current IC. Thus the addition 
of collector current and base current gives the emitter current IE. 

IE = IC + IB. 
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14.33. SCR (SILICON CONTROLLED RECTIFIER) 

SCR is a three terminal (anode, cathode and gate) three junction and four layer semiconductor 
switching device. The basic structure and symbol of SCR is shown in the Fig: 1 4.33 
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Fig: 14.33. 



14.34. PRINCIPLE OF OPERATION 




In the normal operating conditions, a positive voltage is applied to the anode (A) and a small 
positive voltage is applied to the gate (G) with respect to the cathode (K) as shown in Fig: 14.34. 

When the gate is kept open (VG=0), the SCR is similar to a PNPN diode. The functions J 1 and 
J3 operate in forward bias and the junction J2 operates in reverse bias. So no current flows through the 
SCR. Therefore, the SCR is in OFF state. The SCR now offers high resistance. 

When the anode voltage is gradually increased the junction, J2 attains breakdown at a particular 
voltage. Now the SCR conducts heavily going to ON state. The anode voltage at which the SCR 
conducts heavily (ON State) without gate voltage is called "Breakover Voltage". 

When a small positive voltage is applied to the gate, the junction 13 is in forward biased and the 
junction J2 is in reverse biased by this voltage. Nowthe electrons move fromN-type layer (cathode) to 
P type layer, through the junction J3 . The electrons injunction, J3 are also attracted by junction J2, and 
gate current starts flowing. The holes also move from P layer (G) to N layer (K) which in turn increases 
the anode current, and makes more electrons available at junction J2. Tis cumulative process makes to 
breakdown the junction J2 in a short time. Now the SCR conducts heavily. 

Once an SCR is turned ON, the gate loses its control. Even if the gate voltage is removed, the 
SCR does not go to OFF state. To turn the device OFF is onlt done by lowering the anode voltage, and 
makes the current less than holding current (IH). 
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14.35. SCR.V.I. CHARACTERISTICS 
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Fig: 14.35. 

The high value of gate current can easily ON the device with low anode to cathode voltages. The 
VI characteristics of SCR are shown in the Fig: 14.35. 

In forward biasing, as the anode-cathode voltage exceeds the forward breakover voltage (VBO) 
the SCR turns ON, and the anode cathode voltage decreases quickly to a voltage marked as B. 

The current at B is called holding current (TH) . It is minimum value of anode current to keep the 
SCR in ON state. The region between the point B and C is called conduction region. 

When the anode voltage is negative with respective to cathode, the junction J 1 and J3 operates in 
reverse biasing and the junction J2 operates in forward biasing. When the reverse voltage is linearly 
increased, avalanche breakdown occurs in a particular reverse voltage. Now the current increases 
rapidly. 

APPLICATIONS 

i. Used in speed control of AC and DC motors. 

ii. Used in invertors and converters. 

iii. Used in AC and DC circuit breakers. 

iv. Used for phase control and heater control. 

v. Used in battery chargers. 
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Questions 
PartA 



Choose the correct answer 

1 . In insulator the forbidden enerygy gap is 
a. ~ 15ev 

c. ~1 ev 

2. A pure semiconductor is called 
a. Extrinsic semiconductor 

c. Conductor 



b. ~10ev 

d. none of these 

b. Intrinsic semiconductor 
d. Insulator 



3 . N - type semi conductor is formed by adding 



a. arsenic 



b. silicon c. germanium 



4 . P - type semi conductors is formed by adding 



a. silicon 

c. Aluminum or Boron 

5 . The P - type seminconductor has 
a. more holes 

c. More electrons 

6. The dopping level of Zener diode is 
a. Lightly 

c. Medium 

7 . SCR has three junction and 
a. four layer semiconductor 
c. Three layer semiconductor 



b. Germanium 
d. Phosphorous 



b.less holes 
d. non of these 

b. Heavily 

d. none of these 

b. two layer semiconductor 
d. none of these 
Part-B 



d. Boron 



Write the following questions in one word 

1 . What are the types of extrinsic semiconductor? 

2 . How many diodes are used in bridge rectifier? 

3 . How many capacitors are used in n filter? 
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4. What are the two types of transistors? 

5 . Mention the name of the transistor three leads? 

6. State the three terminals of the SCR. 

7 . What is the component used to removal of AC components in the DC signal? 

Part-C 
Answer the following questions in briefly 

1 . What are the application of diode? 

2. Mention the classification of rectifiers 

3 . State the various types of filters. 

4. What are the applications of LED? 

5 . What are the applications of SCR? 

6 . What is the function of filters? 

Part-D 
Answer the following questions in one page level 

1 . Draw the circuit and explain the operation of full wave rectifier? 

2 . Explain the constructional details of LED? 

3 . Explain the operation of aNPN Transistor? 

Part-E 
Answer the following questions in two page level: 

1 . Explain the working of a PN Junction diode in forward biasing and reverse biasing? 

2. Explain the Principle operation of SCR and discuss the VI characteristics with neat sketch? 
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1. PROPERTIES OF MATERIALS 

1.0. INTRODUCTION 

The Term 'property' in a broader sense, may be defined as the quality, which defines the specific 
characteristics of a metal. A detailed study of all the properties of a metal provides a sound basis for 
predicting its behavior in manufacturing shop and also in actual use. As a matter of fact, the following 
properties of a metal are important for an engineer, to enable him in selecting suitable metals for his 
various jobs. 

1. Physical properties 

These include shape, size, color, luster, specific gravity, porosity, structure, finish etc. 

2. Mechanical properties 

These include elasticity, plasticity, ductility, brittleness, hardness, toughness, stiffness, resilience, 
creep, strength, malleability, Machinability etc., 

3. Thermal properties 

These include specific neat, thermal conductivity thermal expansion, latest heat, thermal stresses, 
thermal shock etc. 

4. Electrical properties 

These include conductivity, resistivity, relative, capacity, dielectric strength etc. 

5. Magnetic properties 

These include magnetic and non magnetic etc., 

6. Chemical properties 

These include atomic weight, equivalent weight, molecule weight, acidity, chemical composition, 
corrosion etc. 

7. Mechanical properties 

The mechanical properties of a metal are those properties whih completely define its behavior 
under the action of external loads or forces. 

1.1 i) ELASTICITY 

The term 'Elasticity' may be defined as the property of a metal by virtue of which it is able to retain 
its original shape and size after the removal of the load. 

The elasticity is always desirable in metal used in machine tools and other structural members. 

ii) Plasticity 

The term 'Plasticity' may be defined as the property of metal by virtue of which a permanent 
deformation takes place, when ever it is subjected to the action of external for us. 
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The plasticity of a metal depends upon its nature and the environmental conditions. 

This property finds its use in forming, shaping and extruding operations of metal. 

iii) Ductility 

The term 'Ductility' may be defined as the property of a metal by virtue of which it can be drawn 
into wires or elongated before rupture takes place. It depends upon the grain size of the metal crystals. 

The measues of the ductility of a metal are its percentage elongation and percentage reduction in 
the cross sectional area before rupture. 

iv) Brittleness 

The termx Brittleness' may be defined as the property of a metal by virtue of which it will fracture 
without any appreciable deformation. 

This property is opposite to the ductility of a metal. Cast Iron and class are the example of brittle 
materials. 

This property finds its importance for the design of machine tools, which are subject to sudden 
loads. 

v) Hardness 

The term v Hardness' may be defined as the property of a metal by virtue of which it is able to 
resist abrasion, indentation and scratching by harder bodies. It is measured by the resistance of the 
metal which it offers to scratching. 

vi) Touch Ness 

The term ' Toughness' may be defined as the property of a metal by virtue of which it can absob 
maximum energy before fracture takes place. Tenacity and Hardness of a metal are the measures of its 
toughness. 

The importance of toughness is in the selection of a material where the load increases beyond the 
elastic limit. 

vii) Stiffness 

The term ' Stiffness' maybe defined as the property of a metal by virtue of which it resists deformation. 

The stiffness of a metal is of importance while selecting it for a member or a component of a 
machine. The stiffness of a metal is also made use in graduating spring balances and spring controlled 
measuring instruments. 

viii) Resilience 

The term 'Resilience' may be defined as the property of a metal by virtue of which it stores energy 
and resists shocks or impacts. 

The resilience of a metal is of great importance in the selection of materials used for various types 
of spring. 



ix) Greep 

The Term 'Creep' may be defied as the property of a metal by virtue of which it deforms continuously 
under a steady load. Generally, the creep occurs in steel at higher temperature. Creep is always 
considered while designing IC engines, boilers, turbines etc. 

x) Strength 

The term' Strength' may be defined as the property of a metal by virtue of which it can with stands 
an external force or load without rupture. 

The strength of a metal is the most important property which plays a decisive role in designing 
various structures and components. 

xi) Malleability 

The term 'Malleability' may be defined as the property of a metal by virtue of which it can be 
deformed into thin sheets by rolling or hammering without rupture. It depends upon the crystal structure 
of the metal. 

xii) Machinability 

The term 'Machinability' may be defined as the property of a metal which indicates the ease with 
which it can be cut or removed by cutting tools in various machining operations such as turning, drilling, 
boring milling etc. 

The machinability of a metal depends upon the mechanical and physical properties of the metal, 
chemical composition of the metal microstructure of the metal and the cutting conditions. 

xiii) Ductility 

The term percentage of Elongation is the maximum increase in the length expressed as percentage 
of original length. 

Increase in length 

Percentage elongation = x 100 

Original length 

The term percentage reduction of cross sectional area is the maximum decrease in cross - sectional 
area, expressed as the percentage of the original cross - sectional area. 

Decrease in cross - sectional area 

Percentage reduction in cross sectional area = x 1 00 

Original cross sectional area 



Questions 
PartA 
I. Choose the correct answers 

1. One of the Physical properties of material is 

a) Latent heat b) Porocity c) Elasticity 

2. Structure is one of the properties of material 

a) Physical b) Mechanical c)Chemical 

3 . Shape, Size are belongs to which type of proporties of materials? 
a) Thermal b) Magnetic c) Physical 

4. Elasticity is one of the properties of material 

a) Electrical b) Mechanical c) Chemical 

5 . Plasticity is belongs to which land of proporties of material? 
a) Magnetic b) Electrical c) Mechanical 

6. Ductility is one of the properties ofmaterial. 

a) Mechanical b) Chemical c) Electrical 

7 . Brittleness is belongs to which kind of properties ofmaterial? 
a) Chemical b) Electrical c) Magnetic 

8. Hardness is one of the properties ofmaterial. 

a) Physical b) Mechanical c) Magnetic 

9. Toughness is belongs to which kind of properties ofmaterial? 
a) Electrical b) Magnetic c) Mechanical 

10. Stiffness is one of the properties of material. 

a) Magnetic b) Physical c) Electrical 

11. Resilience is one of the properties of material. 

a) Mechanical b) Electrical c) Physical 
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d) Acidity. 



d) Magnetic. 



d) Chemical 



d) Physical. 



d) Chemical 



d) Magnetic. 



d) Mechanical. 



d) Electrical. 



d) Physical. 



d) Mechanical 



d) Magnetic. 



d) Physical. 
d) Physical, 
d) Mechanical, 
d) Physical. 



1 2 . Creep is belongs to which type of properties of material? 
a) Chemical b) Mechanical c) Electrical 

13. Strength is one of the properties of material. 

a) Electrical b) Magnetic c) Mechanical 

14. Malleability is one of the properties of material 

a) Magnetic b) Physical c) Chemical 

15. Machinability is one of the properties of material 

a) Mechanical b) Electrical c) Magnetic 

16. One ofthe thermal properties ofmaterial is 

a) Elasticity b) Specific heat c) Electrical conductivity d) Acidity 

17 is one of the thermal properties of material 

a) Hardness b) Porocity c) Atomic weight 

18. One of the thermal properties of materials is 

a) Thermal expansion b) Creep c) Size 

19. One of the thermal properties of material is 

a) Stiffness b) Latent heat c) Colour 

20. One of the thermal properties of material is 

a) Acidity b) Magnetic c) Thermal Stress 

21 . One ofthe Electrical properties ofmaterial is 

a) Electrical resistivity b) Acidity c) Porocity 

22 is one of the Electrical properties of material 

a) Atomic weight b) Electrical conductivity c) Strength 

23. One of the Mechanical properties of material is 

a) Non-magnetic b) Thermal Conductivity c) Stiffness 

24. One of the Chemical proportics of material is 

a) Brittleness b) Corrosion c) Latent beat 

25. One ofthe Chemical proporties ofmaterial is 

a) Atomic Weight b) Elasticity c) Electrical conductivity d) Non magnetic. 



d) Thermal conductivity 
d) Electrical resistivity 
d) Relative Capacity 

d) Electrical Conductivity 
d) Thermal Shock 
d) Thermal expansion 
d) Electrical resistivity 
d) Shape 



Part-B 

II. Answer the following questions in one word 

26 . Properties of material can be divided into How many groups? 

27. Write any two physical properties of material. 

28. Write any two mechanical properties of material. 

29 . Write any two thermal properties of material. 

30. Write any two magnetic properties of material. 

3 1 . Write any two Chemical properties of material . 

32. Write any two Electrical properties of material. 

33. Write any two brittle materials. 

Part-C 

III. Answer the following questions in briefly 
3 4 . Write the types of properties of material. 
35. Write the physical properties of material. 

3 6 . What is meant by mechanical properties of material? 
3 7 . Write the mechanical properties of material. 
3 8 . Write the thermal properties of material. 
3 9 . Write the Electrical properties of material. 

40 . Write the chemical properties of material. 

Part-D 

IV. Answer the following questions in one page level 

4 1 . Describe any five mechanical properties of material. 

Part-E 

V. Answer the following questions in two page level 

42 . Explain the mechanical properties of material. 



2. FERROUS METALS INTRODUCTION 

2.0 INTRODUCTION 

Metals and non metals materials play an important role in the engineering industry, because the 
process of all manufacturing starts with the raw material. The material mainly used in practice, are metal 
which may be broadly divided into the following groups. 

2.1. (1). Ferrous Metal 

The metals which contain iron as their main constituent, are called ferrous metal. Pig iron cost 
iron,. Wrought iron and steel are examples of ferrous metals. 

2. Non-Ferrous Metal 

The metal which contain a metal other than iron as their main constituent are called Non-ferrous 
metal. 

Copper, Aluminum, Zinc, Lead and Tin are examples of non-ferrous metals. 

3. Alloy Metal 

Some of the metals are added in sufficient quantity in order to obtain special properties is know as 
Alloy metal. 

Brass, Bonze, stainless steel and nichrome are examples if Alloy metal. 

Ferrous Metal 

Ferrous metals are those which contain iron as their main constituent. The ferrous metals are 
extensively used in engineering industry due to the following characteristics. 

• Ease of fabrication process like casting, rolling, welding and machining. 

• Resistance to corrosion. 

• Magnetic properties and 

• Weight. 

2.2. IRON 

Iron ores are basically carbonates, oxides and hydrates. The following are the important raw 
material of Iron. 

1 . Haematite [Fe 2 3 ] 

2. Magnetite [Fe 3 4 ] 

3. Limonite[2Fe 2 3 ,3H 2 0] 

4. Siderite[FeC0 3 ] 



The most abundant ore is Hematite. Indians had specialized in the metallurgy of Iron and 
manufacture of steel. Ashok's Pillar in Delhi and the Iron joints used in the temple of puri, made of 
stainless steel, as they speak of the glory of our skill in this art. 

2.2.1. Types of Iron 

1. Pig Iron 

2. Cast Iron 

3. Wrought Iron 

4. Steel 

2.2.2. Pigiron 

The basic raw materials required for the manufacture of pig-iron are iron ore, Coke and lime 
stone. From the above raw materials pig iron is extracted in a blast furnace. All ferrous metal are 
derived from Pig - iron. 

The appropriate composition of pig iron is 3.00 to 4.20% Carbon. 0.50 -1.00% Silicon, 
0.10-0.50% Manganese 0.02 - 0.07% sulphar, 0.20 - 0.30% phosphorus balance ferrous. 

Pig iron being weak and brittle cannot be used as such for any structural purposes. 

2.2.3. Cast Iron 

Solid Pig iron on re-melting in a vertical furnace, heated by coke and known as cupola, can be 
cast o poured into moulds. Hence after re-melting it is known as Cast iron. 

2.2.4. Properties of Cast Iron 

1 . Cast Ion contains 2% to 4.5% of carbon, small amount of silicon, Sulphur, manganese and 
phosphorus. 

2. It is very hard but brittle material 

3. Low cost 

4. Good casting characteristics 

5 . It has wear resistance 

6. It has high compressive strength and less tensile strength 

7 . Excellent machinability. 

8 . It has no ductility. 

9. It cannot be welded 

10. It has more weight 
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2.2.5. Types of Cast Iron 

The following are the important type of cast iron. 

1 . Grey Cast Iron 

2. White Cast Iron 

3. Chilled Cast Iron 

4. Malleable Cast Iron 

5 . Nodular Cast Iron 

6. Alloy Cast Iron 

2.2.6. Grey Cast Iron 

Grey Cast Iron consists of Carbon 3 to 3.5% silicon 1 to 2.75%, Manganese 0.4 to 1 %, 
Phosphorous 0. 1 5 to 1 %, Sulphur 0.02 to 0. 15% and remaining is iron. The Grey color is due to the 
fact that the Carbon is present in the form of free graphite. 

It has high damping capacity 

It has a low tensile Strength 

It has high compressive strength and ductility 

It has good wear resistance. 

It can be machined. 

A very good property of grew cast iron is that free graphite in its structure act as lubricant. Due to 
this reason it is very suitable for these parts where sliding action is desired. 

The grey cast iron castings are widely used machine tool bodies, automobile cylinder, blocks 
pipes and pipe fittings and agricultural implements, brake shoes, machine beds, lathe beds etc. 

2.2.7. White Cast Iron 

It is a particular variety of cast iron which shows a white fracture. White cast iron consists of 
carbon 2 - 2.3%, Silicon 0.85 - 1.2% manganese 0.1 - 0.4%, Phosphorus 0.05 - 0.2%, Sulphur 
0.12- 0.35% and remaining is iron. 

It has a high tensile strength and low compression strength. It is hard, therefore it cannot be 
machined. 

The white cast iron is used as a raw material in the production of malleable cast iron and 
wrought iron. 

2.2.8. Chilled Cast Iron 

It is a white cast iron produced by quick cooling of molten iron. The quick cooling is generally 
called chilling. The iron so produced is known as chilled iron. When the molten metal comes in contact 
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with the chill, its heat is rapidly conducted away and the hard surface is formed. Chills are used on any 
faces of a casting which are required to be hard to with stand wear and friction. 

The process of chilling is used in the casting of rolls for crushing grains and j aw cruses plates. The 
running surface of rail carriage wheels is also chilled. 

2.2.9. Malleable Cast Iron 

The malleable cast iron is obtained from white cast iron by a suitable heat treatment process called 
annealing. The annealing process separates the combined carbon of the white cast iron into nodules of 
free graphite. 

The malleable cast iron is ductile and may be without breaking. Its tensile strength is usually higher 
than that of grey cast iron and has excellent machining qualities. 

The malleable cast iron is used for making wells of wagon wheels, small fittings for railway rolling 
stock, brake supports, parts of agricultural machinery pipe fittings, door hinges, locks etc. 

2.2.10. NODULAR CAST IRON 

The nodular cast iron is produced by adding magnesium in the molten cast iron. The magnesium 
converts the graphite of cast iron from flake from to spherical or nodular form. 

It is usually used for pressure - resisting castings hydraulic cylinder heads, rolls for rolling mill and 
centrifugally cast products. 

2.2.11. ALLOY CAST IRON 

The alloy cast iron is produced by adding alloying elements like nickel, chromium, molybdenum, 
Copper, Silicon and manganese. These alloying elements give more strength and result in improvement 
ofproperties. 

The alloy cast iron has special properties like increased strength, high wear resistance and corrosion 
resistance. 

The alloy cast iron are used for automobile parts like cylinders, pistons, piston rings, crank cases, 
brake drums, parts of crushing and grinding machinery. 

2.3. WROUGHT IRON 

Wrought iron is a pure form of iron, which contains 99% of pure iron and only about one tenth 
percent of carbon. It comes from the furnace in a spongy and pasty state and subsequent hammering 
and rolling don't expert all traces of slag, which may be traced in layers in the finisher product. 

2.3.1. PROPERTIES OF WROUGHT IRON 

1. It is soft 

2 . It has high corrosion resistance 

3. It is easy for welding 

4. After heat treatment it become hardness 
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2.3.2. USES OF WROUGHT IRON 

Wrought Iron is used to make rivets, Chains water and steam pipes, bolts and nuts, railway 
couplings, handrails, nails, wiring pipes, grain hooks, Agricultural tools. 

2.4. STEELS 

Steel is an alloy of iron and carbon with carbon content up to a maximum of 1 .4 %. The carbon 
occurs in the form of iron carbide [Fe 2 C], because of its ability to increase the hardness and strength of 
the steel. Other elements like (e.g) Silicon, Sulphur, Phosphorus and Manganese are also foresentto in 
a greater lesser amount to impart certain desired properties to it steel is manufactured in the following 
method. 

1 . Bessemer process 

2 . Open Hearth process 

3 . Electric furnace 

4. L.D Process 

According to IS 7598 - 1974, steel is classified into to types. 

1 . Plain Carbon Steel 

2. Alloy Steel 

2.4.1. PLAIN CARBON STEEL 

Carbon is the main constituent affecting the properties of plain carbon steel. The content of carbon 
decides the strength and hardness of steel. However increase in carbon content decreases the ductility, 
formability, machinability, weldability, thermal and electrical conductivity and corrosion resistance. Plain 
carbon steel are classified according to their carbon content as detailed below. 

I) LOW CARBON STEEL (MILD STEEL) 

- Mild steel in which the carbon content is 0.05 - 0.25% . Mild steel is not much affected by heat 
treatment process, especially the hardening process. Adecrease in Carbon content improves the ductility 
of mild steel. 

Mild steel is used making wires, sheets, rivets, nuts, bolts, screws, plates, tubes, rods, shafts, 
chain links, nails, ship hulls, car bodies, bridges, high duty gears etc. 

II) MEDIUM CARBON STEEL 

Medium carbon steel contain 0.25 to 0.55% of carbon. Medium carbon steel is stronger than mild 
steel but less ductile. Its mechanical properties can further be improved by proper heat treatment. Its 
mach inability is lesser than mild steel. It can be easily welded and forged. 

Medium carbon steel is used for making axis, connecting rods, stronger nuts, bolts, shafts, gears 
wheels for trains and rails, various steel sections high tensile tubes, wire ropes, springs, hummer and 
snaps for riveters, agricultural tools etc. 
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Ill) HIGH CARBON STEEL 

High carbon steel contain 0.55 to 1 .4% carbon. The strength and hardness of steel increases with 
the increase of carbon content and strength almost reaches the maximum at about 0.8% carbon. Thereafter 
hardness continues to increase while strength starts decreasing. The mechanical properties like ductility 
and machinability of steel decrease with increase of carbon content. Its mechanical properties can be 
altered much by proper heat treatment. 

High carbon steel is used to manufacture loco wheels, rails, wire ropes, drop hammer, dies, screw 
drivers, saws, wrenches, laminated sprigs, chisels, shear blades, punches, rock drills, pins, balls knives, 
files, clutch plates etc. 

2.4.2. Alloy Steel 

A steel in which elements other than carbon are added in sufficient quantity, in order to obtain 
special properties, is known as Alloy steel, The alloying of steel is generally alone to increase its strength, 
hardness, toughness, resistance to abrasior and wear and improve electrical and magnetic properties. 
The various alloying elements are nickel, chromium, molybdenum, cobalt, vanadium, manganese, silicon 
and tungsten. 

I. Nickel Steel 

Nickel steel is one of the most important alloying elements. Nickel steel contain 2 - 0.5% nickel 
and . 1 to .5% carbon. In this range nickel improves tensile strength, raises elastic limit, imparts, 
hardness, toughness and reduces rust formation. A nickel steel alloy containing about 36% nickel and 
0.5% carbon is known as Invar. It can be rolled, forged, turned and drawn. 

Nickel steel is used for boiler plates, automobile engine parts, large forgings, Crank Shafts, 
Connecting rods, boiler tubes, valves for gas engines, pump panels, sparking plugs for petrol engines, 
pendulums of clock etc. 

II. Chromium Steel 

Chromium Steel contain0.5 to 2% Chromium. The addition of chromium to steel increases strength, 
hardness and corrosion resistance. 

Chromium steel is used for balls, rollers and races for bearings, dies, rolls for rolling mills permanent 
magnet etc. 

2.5. NICKEL CHROMIUM STEEL 

A Steel containing 3 .25% nickel, 1.5% chromium and 0.25% carbon is known as nickel chromium 
steel. The combination of toughening effect of nickel and the hardening effect of chromium produces 
and steel of high tensile strength with great resistance to shock. 

Nickel chromium steel is extensively used for motor car crank shafts, axles and gears requiring 
great strength and hardness. 
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2.6. MANGANESE STEEL 

Manganese is added to steel in order to reduce the formation of iron sulphide by combining with 
sulphur. The manganese alloy steels containing over 1.5% manganese with a carbon range of 0.4% to 
0.55% are widely used for gears, axles, shafts and other parts where high strength combined with fair 
ductility is required. Steel containing manganese varying from 1 to 14% and carbon from 1 to 1 .3% 
form an alloy steel, which is extensively hard and tough and a high resistance to abrasion. It is largely 
used for mining, rock crushing and railways equipments. 

2.7. MOLYBDENUM STEEL 

A very small quantity 0. 1 5 to 0.30% molybdenum is generally used with chromium and manganese 
(0.5 to 0.8%) to make molybdenum steel. These steel possess extra tensile strength and are used for 
aero plane and automobile parts. 

2.8. STAINLESS STEEL 

It is a steel, which when correctly heat - treated and finished, resists oxidation and corrosive 
attack from corrosive media. Following are the different types of stainless steels. 

i) Few tic stainless steel 

il) Marten sic Stainless Steel 

iii) Austenite Stainless Steel 

2.8.1. Uses 

Stainless steel are used for making bearings, springs shafts, medical insruments, sheet, wire, utensils 
and chemical industry appliances, storage and transport tanks. 
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QUESTIONS 
PartA 
I. Choose the Correct Answer 

1. Metals which contains Iron is called metal. 

a) Non-ferrous metal b) Ferrous metal c) Alloy metal d) Non-metal materials 

2 . Metal which contain other than iron is called metal 

a) Ferrous metal b) Non-Ferrous metal c) Non metal material d) Alloy metal. 

3. Cast iron is an example for metal. 

a) Alloy metal b) Nonferrous metal c) Ferrous metal, d) Non mental material 

4. Wrought iron is an example for metal 

a) Non ferrous metal b) Non metal material c) Alloy metal d) Ferrous metal 

5. Steel is an example for metal. i 

a) Non metal material b) Ferrous metal c) Non ferrous metal d) Alloy metal 

6. Copper is an example for metal 

a) ferrous metal b) Non farro us metal c) Alloy metal d) Non metal material 

7. Zine is an example for metal 

a) Alloy metal b) Ferrous metal c) Non ferrous metal d) Non metal material 

8. Aluminium is an example for metal. 

a) Ferrous metal b) Non metal material c) Alloy metal d) Non ferrous metal 

9. Brass belongs to metal 

a) Non ferrous metal b) Ferrous metal c) Alloy metal d) Non metal material 

10. Bronze belongs to metal 

a) Ferrous metal b) Alloy metal c) Non ferrous metal d) Non metal material 

11. Stainless Steel is an example for metal. 

a) Alloy metal b) Non ferrous metal c) Non metal material d)Ferrous metal 

12. Nichrome belongs to metal. 

a) Non ferrous metal b) Non metal material. c)Ferrous metal d) Alloy metal 

13. One of the Iron one is 

a) Copper pyrites b) Haematite c)Bauzite d) Tinstone. 

14. Alloy Steel containing 36% of nickel and 0.5% of carbon is called as 

a) Chromium steel b) Invar Steel c) Nickal Chromium steel d) Manganese Steel 
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Part-B 

II. Answer the following questions in one word 

15. Write any two ferrous metal. 

1 6. Write any two non ferrous metal. 

1 7. Write any two Alloy metal. 

18. Which iron ore is mostly used? 

1 9. Which iron can be easily mould? 

Part-C 

III. Answer the following questions in briefly 

20. What are the types of metal? 

2 1 . What is meant by ferrous metal? 

22 . What is called as non ferrous metal? 

23 . What is meant by Alloy metal? 

24 . Write the types of Iron ore 

25 . Write the types of Iron. 

26. Write the types of Cast Iron. 

27. Write the properties of wrought iron 

28 . Write the uses of wrought iron 

29 . What are the methods to extract steel? 
3 . Write the important alloy steel. 

Part-D 

IV. Answer the following questions in one page level 

3 1 . Write the properties of cast iron. 

32. Write the properties and uses of wrought iron. 

Part-E 

V. Answer the following questions in two page level 
3 3 . Describe the different types of cast iron. 

34 . Explain the pain carbon steel. 

3 5 . Describe the types of Alloy steel. 
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3. NON - FERROUS METALS 

3.0. INTRODUCTION 

Non - Ferrous metal are those which contains a metal other than iron as their chief constituent. 
The non ferrous metals are usually employed in industry due to following characteristics. 

• Ease of fabrication (casting, rolling, forging, welding and machining) 

• Resistance to corrosion 

• Electrical and thermal conductivity 

• Weight. 

The various non ferrous metals used in engineering practice are copper, Aluminum, Lead, Tin, 
Bronze, Brass, Tungsten etc. 

3.1. COPPER 

Copper is one of the most extensively used non ferrous metals in industry. Copper is known as 
coinage metal, because it has been used in making coins due to their resistance to corrosion. 

Minerals 

The minerals of copper are 

1 . Copper pyrites [Cu Fe SJ 

2. Copper glance [CU 2 S] 

3. Cup rite [Cu 2 0] 

4. Azurite [Cu(OH) 2 2Cu CoJ 

Of all these, Copper pyrites is the principal are which yields nearly 76 percent of the world 
production of copper. 

Various steps involved in the extraction of copper metal from copper pyrites ore are Crushing, 
Concentration of ore, Roasting, Smelting and Bessemerization. 

3.1.1. Properties of Copper 

• It is a fairly soft, lustrous metal with reddish brown colour 

• Itmeltsatl083°C 

• It has a density 8900 kg/m 3 

• It is a very good conductor of electricity 

• It is a very good conductor of heat 
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It is highly malleable and ductile 

It is highly corrosion resistant 

It is easily joined like soldering, brazing etc 

It is a non - magnetic metal 

It is easy to alloy 

It can be recycled without any loss of quality. 40% of the world demand is met by recycled 
copper. 

Copper and Copper alloys are tough 

Catalytic 

Antibacterial 
3.1.2. Uses of Copper 

Due to its electrical conductivity, it is used for making electric wires and Cables 

Due to its thermal conductivity, it is used in making utensils, boilers and calorimeters 

Copper is used for making copper alloys like Brass and Bronze 

It is used in electroplating and electrotyping 

Due to its corrosion resistant, it is used in making coins 

It is used to make jewellery and statues 

It is used for making ammunitions (Bullet) 

It is used to make water pipes 

It is used for covering the bottoms of the wooden ships 

hi the preparation of copper salts are largely used as insecticides 

3.2. ALUMINIUM 

Aluminum does not occur free in nature, hi the combined state it is the third most abundant element 
found in nature, the first two being oxygen and silicon and forms 7.28 percent of the earth's crust. 
Aluminum was first isolated by wholer in 1 827. It was obtained by the electrolysis of bauxite by Charles 
Martin Hall in 1886. 

The important minerals of aluminum are 

1. Cryolite [Na 3 AfFJ 

2. Corundum [Al 2 3 ] 

The bauxite is the chief ore of aluminum. Aluminum is usually isolated from bauxite by electrolysis. 
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3.2.1. Minerals 

The important minerals of Aluminum are 

1. Bauxite [AI 2 3 2H 2 0] 

2. Cryolite [Na 3 AIFJ 

3. Corundum [Al 2 OJ 

The Bauxite is the chief one of Aluminum. Aluminum is usually isolated from bauxite by electrolysis 
method, 

3.2.2. Properties of aluminum 

It is a silvery white metal 

It is a good conductor of electricity 

It is a good conductor of heat 

It is extremely light weight, It is only one third the weight of steel 

It melts at 660°C and boils at 2400°C 

It has a density 27g/cm 2 

It is malleable and ductile 

It is a non - magnetic metal 

It is anon -toxicity 

It is easy to alloy 

It is easily worked by the common manufacturing and shaping process 

Aluminum and most of its.allows are highly resistant to most form of corrosion due its natural 
coating of aluminum oxide. 

Aluminum is non - combustible 

3.2.3. Uses of Aluminium 

It is used in making electric cables and transmission wires because of its high electrical conductivity. 

• It is used in utensils because of its high thermal conductivity. 

• Aluminum alloys are used for making the parts of aero planes, ships, motor cars, Scientific 
instrument, strong permanent magnet, Rivet. 

• It is used for preparation of alloys like Durations, Magnalium, Y- Alloy, Hindalium. 

• Aluminum foil deposited on glass forms an excellent mirror. 
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• Aluminum powder is used in making silver paints fire works, flash light powder and termite 

welding. 

• Amixture of Aluminum powder and ammonium hit rate is used in explosives. 

• It is used as a reducing agent in the extraction of chromium and titanium. 

3.3. TIN 

The principal ore of Tin is Tinstone, The mineral is found interspread in rocks, especially in granite. 
It is said that small amount of tin are occasionally found native along with gold. The mineral is found in 
Malaysia, Indonesia, Australia, Mexico, Siam and china. 

3.3.1. Propertines of Tin 

• Tin is a silvery white metal, lustrous and soft. 

• It is malleable and ductile. 

• It can be rolled into very thin sheets . 

• It melts at 23 2°C. 

• Its specific gravity is 7.23 . 

3.3.2. Uses of Tin 

• It is used for making alloys. 

• It is used in the manufacture of Tinplate. Tinplated steel products are used in caning fruit, meat 
etc. 

• Tin foil used as moisture proof packing. 

• Fin solder. 

• It is used in the tining of utensils. 

3.4. BRONZE 

The alloys of copper and Tin are usually termed as Bronze. The useful range of composition is 75 
to 95% copper and 5 to 25% Tin. The metal is comparatively hard, resists surface wear and can be 
shaped or rolled into wires, rods and sheets very easily. Corrosion resistant properties of bronzes are 
superior to brass. Some of the common types of bronze are as follows. 

1. Phosper bronze 

2. Silicon bronze 

3. Manganese bronze 

4. Gun metal 



19 



3.4.1. Phosper Bronze 

When bronze contains phosphorus, it is called phosper bronze. Phosphorous increases the strength 
ductility, wear resistance and soundness of castings. 

Phosper bronze is used for springs, gears, pump parts, bushes and bearings. 

3.4.2. Silicon Bronze 

Silicon bronze contains 96% copper 3% silicon and 1 % manganese or zinc. It has good corrosion 
resistance and high strength material. 

It is widely used for boilers, tanks, stoves, matrine hardware, pump parts or where high strength 
and good corrosion resistance required. 

3.4.3. Manganess Bronze 

It is an alloy of copper, zinc and little percentage of manganese. The usual composition of this 
bronze is 60% copper, 35% zinc and 5% manganese. 

It is widely used for ship propellers because of its excellent resistance to corrosion and high 
strength. 

3.5. GUNMETAL 

It is an alloy of copper, tin and zinc. It usually contain 88% copper 1 0% and 2% zinc. The zinc is 
added to clean the metal and to increase it. The metal is very strong and resistant to corrosion by water 
and atmosphere. Originally, it was made for casting guns. It is used for casting boiler fittings, bushes and 
bearings. 

3.6. BRASS 

The alloy of copper and zinc is called Brass. There ae various types of brasses, depending upon 
the proportion of copper and zinc. This is fundamentally a binary alloy of copper with zinc each 505 . 
By adding small quantities of other elements, the properties of brass may be greatly changed. For 
example, the addition of lead (1 to 2%) improves the machining quality of brass. 

3.6.1. Properties of Brass 

• It is malleable and ductile. 

• It can be hot worked. 

• It is a soft material. 

• It has fair electrical conductivity and non magnetic . 

• It has excellent corrosion resistance. 

• It is easy for moulding. 
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3.6.2. Uses of Brass 

Brass is used for making plates, tubes, plumbing fittings, automobile fittings, type writer parts. 
musical instruments, Heat exchangers springs, bearings, bushes, Utensils and marine castings. 

3.7. TUNGSTEN 

The chief minerals of tungsten are 

1. Wolframite 

2 . Scheelite Calcium tungstate 

3. Tungstenite 

4. Cupro scheelite 

3.7.1. Properties of Tungsten 

• It is hard silvery white metal 

• It is as heavy as gold. 

• It has the highest melting point of any metal. 

• Its wire is hard and has high tensile strength. 

3.7.2. Uses of Tungsten 

• Tungsten is mainly used for preparing special steel sand filamerits of electric lamps. 

• It is used for preparing strings of musical instruments, pen points. 

• It is used in anticathodes in X-ray tubes. 

• Tungsten is used in making surgical, instruments, spark coils, gramophone, needle voltage 
regulators, telegraphic keys etc. 

Questions 
Part -A 
I. Choose the Correct Answer 

1) One of the Copper ore is 

a) The Copper Pyrites b) Haematite c) Bauxite d) Siderite 

2) The mostly used one to extract Copper is 

a) Copper Glance b) Cuprite c) Malahcite d) Copper pyrites 

3) OneoftheAluminiumoreis 

a) Cuprite b)Limonite c) Bauxite d) Tinstone. 
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4) Aluminium Finds in Percentage of the earth crust. 

a) 8.27 b)7.28 c) 7.82 

5) is the ore of Tin 

a) Bauxite b) Cuprite c) Tinstone 

6) One of the Tungsten ore is 

a) Cuprite b) Bauxite c) Wolframite 

Part-B 
II. Answer the following questions in one word 

7. Which is called as coinage metal? 

8 . How many percentage of Alminium finds in earth crust? 

9. Which is the important ore of Tin? 

1 . Write the materials which contains in Bronze? 

1 1 . Write the materials which contains in Brass? 

Part-C 

III. Answer the following questions in briefly 

1 2 . Write the minerals of copper 

1 3 . Write the minerals of Aluminium 

1 4. What are the type of Bronze? 

1 5 . Write the minerals of Tungs ten? 

1 6 . What is meant by Brass? 

1 7. What is meant by Bronze? 

Part - D 

IV. Answer the following questions in one page level 

1 8 . Write the properties and uses of Tin. 

1 9. Describe the types of Bronze. 

20 . Write the properties and uses of Brass 

2 1 . Write the properties and uses of Tungsten. 

Part-E 

V. Answer the following questions in two page level 

22. Write the properties and uses of Copper. 

23 . Write the properties and uses of Aluminium. 



d) 8.72. 
d) magnetite. 

d) Limonite. 
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4. NON METAL MATERIALS 



4.1. PLASTIC 



Plastic maybe defined as an organic polymer, which can be molded into any desired shape and 
size with the help of heat, pressure or both. The plastic, in its liquid form is known as resin. The plastics 
may contain a number of constituent including binders, fillers, dyes or pigments, plasticizers, lubricants, 
solvents and catalysis's. 

All the plastics are, usually classified on the basis of the nature of binder used in their manufacture. 
The binders may be natural synthetic polymers. 

4.1.1. Types of Plastic 

Plastics are normally divided into two categories on the basis of the type of resin used in their 
preparation. 1 . Thermoplastic 2. Thermo set plastic 

4.2. THERMOPLASTIC 

Thermoplastics resins are the polymers whose plasticity increases with the increase in temperature. 
They can be softened and hardened by heating and cooling any number of times. They can be rolled or 
extruded simply by heating the material. Some of methermo plastics is given below. 

• Polyethylene 

• Poly propylene 

• Polyvinyl chloride (PVC) 

• Poly terra flunoroethylene 

4.2.1. Properties of Thermoplastic 

1 . Excellent electrical insulation 

2 . High resistance to chemicals 

3. Excellent Light transmitting power 

4 . Ease of fabrication and resistance of moisture 

5 . Excellent mechanical properties 

6 . Easy to molding and remolding 

4.2.2. Uses of Thermoplastic 

1 . It is used for insulating coatings for electric wires, films sheets, pipes, bottles, buckets etc. 

2. It is used for Refrigerator door liners, hot drink cups, radio and Television cabinets, food 
containers. 

3 . It is used for rain coats, hand bags, lead wire insulation, vinyl flooring 
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4. It is used for light covers, lamp shades, lenses, sign boards, plastic jeweler. 

5 . It is used for toys, flash light cases, helmets, trays, plastic films. 

4.3. THERMOSETTING PLASTICS 

Thermosetting plastics are formed by condensation polymerization. Thermosetting plastics cannot 
be soft end, once they are molded, even at high temperature. Some of the thermosetting plastics are 

Polyesters 

Phenol formaldehyde 

Urea formaldehyde 

Melamine formaldehyde 

4.3.1. Properties of Thermosetting Plastic 
Excellent electrical insulation 

Thermosetting plastics are hard, tough, non-swelling and more brittle than thermoplastic 
They have excellent tensile strength and flame resistance. 
They have excellent adhesive properties, resistance to chemicals 
These plastics cannot be mechanically deformed or softened of high temperature. 
It can not be remolded into any new shape. 

4.3.2. Uses of Thermosetting Plastics 
It is used for insulation for wire and cable 

It is used for making electric iron handles, socket bases, fan-motor housings, switch covers. 
It is used for making dials, electric mixer housings, cosmetic boxes, distributor heads 
it is used for plastic rockery and automobile parts. 

4.4. RUBBER 

Rubber may be defined as an organic polymer, which elongates on stretching and regains its 
original shape after the removal of the stress. Today the rubber is considered to be one of the most 
important material in the world. A maj or portion of a rubber is consumed in the field of manufacture of 
types and tubes for the vehicles. 

Rubber may be classified as natural and synthetic rubber. Natural rubber is obtained from rubber 
trees grown in hot climates synthetic rubber is an artificial rubber produced by chemical processes. 
Synthetic rubber processes some unusual properties not available in natural rubber. Synthetic rubber 
has a elastic rubber, has a higher elastic property than the natural rubber and it resists light rays more 
effectively 
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4.4.1. Properties of Rubber 

• It possesses the quality of flexibility 

• It can with stand shock and vibration 

• It is possible to produce rubber with a are desirable property by the process of vulcanizing 
and compounding. 

• They have high resistance to abrasion and weathering 

• They have excellent oil, grease and solvent vesistoma 

• Synthetic rubber has resistance to aid and petroleum 

4.4.2. Uses of Rubber 

• Rubber is used to manufacture tires and inner tubes in automobile. 

• It is used as a lining material in machineries to act as a cushion and to produce air and liq uid 
tightness. 

• Synthetic rubber is used to manufacture containers and pipes to carry kerosene, petrol 

• Rubber is used to manufacture of conveyer belts, shoe soles, flooring, electric wire insulation, 
Erasers Holes, taps, Gloves, Apron, and adhesives etc. 

4.5. GLASS 

Glass is a mixture of silica, chalk and potash or soda. It is amorphous and transparent. In recent 
times, glass has come out as the most versatile engineering material. All the ingredients of glass are 
thoroughly ground, sieved and mixed in required quantities. This mixture is place furnace and fused at a 
temperature of 1 1 00°C. The molten glass can be given any desired shape. 

4.5.1. Properties of Glass 

The properties of glass vary with reference to the composition of constituents, the nature of surface, 
heat treatment condition and its thickness. 

1 . It can be polished to a very high degree 

2 . It refracts or transmits light 

3 . It is a transparent material and permits visibility. 

4. It is a good electrical insulator 

5 . It is not affected by air, water and ordinary chemical reagents. 

6 . It is capable of being worked in an innumerable number of ways. It can be blown, drawn or 
pressed. 
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4.5.2. Uses of Glass 

Glass is used to manufacture lenses, prisms, mirrors, etc which are used in optical instrument. 

Glass can be reinforced with metallic fibers to make it suitable for use in wind screens of automobile 
and as window panels in residential buildings to prevent it from shattering. 

QUESTIONS 
Part -A 
I. Answer the following questions in one word 

1 . Write the types of plastic 

2. What is the expansion for PVC? 

3 . Natural rubber is obtained from rubber trees grown in which place? 

4. What are the types of rubber? 

Part-B 

II. Answer the following questions in briefly 

5. What is meant by Thermoplastic? 

6 . Write the type of Thermo Plastic. 

7. Write the properties of thermoplastic. 

8 . Write the uses of thermoplastic 

9 . What is meant by Thermosetting plastic? 
10 . Write the types of Thermosetting plastic. 

Part-C 

III. Answer the following questions in one page level 

1 1 . Write the properties and uses of thermoplatic. 

1 2. Write the properties and uses of thermosetting plastic. 

1 3 . Write the properties and uses of Rubber 

1 4. Write he properties and uses of Glass. 

Part - D 
V. Answer the following questions in two page level 

1 5 . Describe about thermo plastic . 

1 6. Describe about thermo setting plastic. 
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5. FORCE 



5.0. Introduction 



An Engineer should have a through knowledge about the behavior of various materials in structure 
and machines, under the action of external force. Such a sound knowledge helps him to select the 
suitable material and the size of each element of the structure or machine, so that the element will 
function satisfactorily when the structure or the machine is put into service. 

The parts of a structure change their dimensions and shape to some extent when the structure is 
subjected to loading. This change in shape and size is known as deformation. No engineering material 
is perfectly rigid and all the materials under go different amounts of deformation when subjected to 
loading. 

5.1. Stress 

It is the internal resistance set up in a material under the action of the 

external forces. Mathematically 

P 

Stress a = —— 
Ao 

Where P = Force or load acting on the body 

Ao = Original cross-sectional area of the body 

5.1.1. Strain 

It is the deformation per unit length under the action of the External forces. Mathematically 

(L-Lo) 

Stress = — ; 

Lo 

Lo Where Lo = Original length 

L = Final length. 

The strain may be classified into elastic strain and plastic strain. The elastic strain which is present 
so long as the external forces ae applied. It disappears after the removal of the forces. 

The plastic strain is the permanent strain caused by external forces, when the stress exceeds the 
elastic limit. 

5.1.2. Types of stresses 

Though there are many types of stress, yet the following are the important stresses. 

1) Tensile stress 

2) Compressive stress 

3) Shear stress 
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5.1.3. (1) Tensile stress 

When a section of any ductile material is subjected to two equal and opposite forces as a result of 
which the body tends to increase its length as shown in Fig. 5. 1 .3 .(a), the stress induced is called tensile 
stress and the corresponding strain is called tensile strain. 



Tensile strain = 



Increase in length 
Original length 



r r— - - 



'-t 



(a) 

p Q 






(b) 



H j*f 



Q: 
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Fig. 5.1.3. 



2) Compressive stress 



When a section of any ductile material is subjected to two equal and opposite pushes, as a result 
of which the body tends to decrease its length, as shown in Fig. 5. 1 .3 (b), the stress included is called 
compressive stress and corresponding strain is called compressive strain. 

The strain produced by compressive stress is obtained by dividing the decrease in length by the 
original length. 

3) Shear stress 

When a section of any ductile material is subjected to two equal and opposite forces, acting 
tangentially across the resisting section, as a result of which the body tends to shear of across the 
section as shown in Fig. 5.1 .3.(c), the stress induced is called shear stress and the corresponding strain 
is called shear strain, 
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QUESTIONS 
Part -A 
I. Answer the following questions in one word 

1 . What is the name of the strain occur due to tensile stress? 

2 . What is the name of the strain occur due to Compressive stress? 

3 . What is the name of the strain occur due to Shearstress? 

Part-B 
IL Answer the following questions in briefly 

4 . What is meant by Stress? 

5 . What is meant by strain? 

6 . What are the types of stress? 

7. What is meant by Tensile Stress? 

8 . What is meant by Tensile Strain? 

9 . What is meant by compressive Stress? 

1 . What is meant by compressive Strain? 

1 1 . What is meant by Shear Stress? 

1 2. What is meant by hear Strain? 

Part - D 
III. Answer the following questions in one page level 

1 3 . Explain the different types of Stresses? 
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6. ELASTICITY 



6.0. ELASTICITY 



When a force is applied on a body, a change in shape (deformation) is produced. But at the 
moment when the force is removed the deformation disappears. This property of a body by virtue of 
which the body regains its original shape on removed of the force, is known as Elasticity. 

6.1. ELASTIC LIMIT 

A material will elongate when apull P is applied. When the magnitude of the pull is slowly increased, 
the amount of elongation will also increase. When the pulling force at the end is removed, the material 
tries to come back to its original length. The maximum load which will cause a stress for a given material 
with in which the resulting strain fully disappears after the removed of the stress is called the 'Elastic 
Limit'. 

6.1.1. Hook's Law 

The Hook's law states "when a material is loaded within its elastic limit, the stress is proportional 
to strain". 

6.1.2. Young's Modulus 

From the above, it is clear that within the elastic limit stress is directly proportional to strain. 

ie. Stress x Strain 
Stress 



= Constant = E Strain 



Strain 

The constant in the above equation is called the modulus of elasticity or Young's Modulus. The 
symbol used for young's modulus is E. It is different for different materials. 

6.1.3. Testing of Tensile Force 

The tensile test of a metal is generally performed to determine 

1 ) Proportional and elastic limit 

2) Yield point 

3) Ultimate tensile strength 

4) Percentage elongation and reduction area. 

The results obtained by the tensile test are widely used in the design of materials for structures and 
other purposes. In this test, the test piece is pulled out at a constant rate by gradually increasing the axial 
pull, till the rupture takes place. 

The tensile test for a ductile material is, generally carried out with the help of a universal testing 
machine on the specimen made from the material to be tested. 
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Load Scale 




Hydraulic Pump 

Main Piston 

Fixed Cross Head 

Movable Cross Head 
Specimen 



Oil Pump 



Universal Testing Machine 

Fig.6.1.3.(a) 

The schematic working arrangement of auniversal testing machine is shown in Fig.6. 1 .3 .(a). The 
specimen is held in the jaws of the machine. And load is applied gradually by a hydraulic press, which 
is measured from the pressure developed inside the cylinder. The function of the oil pump is to supply 
of oil under pressure to the hydraulic cylinder. 

The load reading is noted directly from the load side. 



Ii'i the cjrip of machine 

/ 



Fillet 




Tensile test spicemen 



Gauge length 



Fig. 6.1.3. (b) 

The dimension and form of the specimen varies according to the size and shape of the material to 
be tested and the main objective in view. The test carried out on a specimen having uniform cross- 
section though out gauge length as shown in Fig. 6. 1 .3 .(b). 

The tensile load is gradually increased and the corresponding extensions are recorded. Now a 
graph is plotted with stresses along the vertical axis and the corresponding strains along the horizontal 
axis. If we draw a curve passing through the vicinity of all such points, we shall obtain a curve as shown 
in Fig. 6. 1 .3. (c) such a graph is known as stress-strain diagram for a given ductile material (say mild 
steal) 
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Fig. 6.1.3.(c) Stress-Strain curve for mild steel 

The stress-strain diagram shown in Fig. 6. 1 .3.(c) gives us information about the following important 
points. 

1) The graph OA is a fairly long straight line, which indicates that the ratio of stress to strain is 
constant and Hooke's law holds good from (0) to (A). The point (A), where the curve deviates 
from the straight line, is known as proportionality or proportional limit. 

2) The graph AB is a very small curve (in certain materials of negligible length) which indicates that 
the ratio of stress to the strain B not constant, but slightly changes. In this portion the metal continues 
to behave perfectly elastic. The point (B) is known as elastic point. 

3) The graph BC is another very small curve which indicates that the strain increases more quickly 
than the stress (in comparison to OAor AB) The point (C) is called yield point. It may be noted 
that if the load on the specimen removed, then the elongation from (B) to (C) will not disappear. 
But it will remain as a permanent set. 

4) The graph CD is also a very small curve (almost horizontal) which indicates that the strain increases 
without any increase in stress. This happens as there is a sudden elongation of the specimen due to 
creep, without any appreciable increase in stress. During this ductile elongation of the specimen 
cross sectional area gets reduced uniformly in proportion to its length. 

5) The graph DE is an upward curve, which indicates that the specimen regains strength and higher 
values of stresses are required for higher strains. The graphrises up to the maximum limit indicated 
by the point (E). The stress, corresponding to the point (E) is known as ultimate tensile stress or 
tenacity, which is a measure of tensile strength of a material. The work done while stretching the 
specimen is transformed, largely, into heat and specimen becomes hot. 

6) The graph EF is a downward curve, which indicates that a neck is formed, which deceases the 
cross sectional area of the specimen. Now it requires lesser load to continue extension till facture 
takes place at F. A little consideration will show, that less stress is necessary to break away the 
specimen. The stress corresponding to the point (F) is known as breaking stress. 

7) It may be noted that the stress-strain curve gives a valuable information about mechanical properties 
of metal. The following terms are important in the tensile test of a specimen. 
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6.1.4. Elastic stress 

The elastic load (Corresponding to point B) divided by the original coss-sectional area of the 
specimen is known as elastic stress. 

Elastic Stress- Elastic Load 



original cross-sectioal area 

6.1.5. Working Stress 

It is the stress, which is used by the engineers for their structures or machine components. The 
working stress is kept much below the elastic stress, and is also known as safe stress. 

6.1.6. Ultimate stress 

The ultimate load (corresponding to point E) divided by the original cross- sectional area of the 
specimen is known as ultimate stress. The ultimate stress is also called ultimate tensile stress or tenacity. 

6.1.7. Factor of safety 

The ratio of ultimate stress to the working stress is known as factor of safety. 
Factor of safety- Ultimate Stress 



Working Stress 

6.1.8. Percentage of Elongation 

The elongation or increase in length divided by the original length of the specimen, expressed in 
percentage is known as percentage elongation. 

Percentage of Elongation = Increase in len § th of the specimen x 100 

Original length of the specimen 

6.1.9. Percentage reduction of area 

The reduction in cross-sectional area divided by the original cross-sectional area of the specimen, 
expressed as percent, is known as percentage reduction of area. 

. . ,, Reduction in cross sectional area lrt _ 

Percentage reduction ot area= x 100 

Original cross - sectional area 



QUESTIONS 
Part -A 
I. Answer the following questions in briefly 

1 . Define Hook's Law. 

2. What is meant by Young's modulus? 

3 . How elastic stress can be calculated? 

4 . What is meant by working stress? 

5. What is meant by Ultimate Stress/ 

6. What is called as Factor of Safety? 

7. What is meant by elastic limit? 

8. What is meant by elasticity? 

9. What is meant by percentage of elongation? 

1 0. What is meant by percentage reduction of area? 

Part-B 

11. Answer the following questions in one page level 

1 1 . Draw and Explain the stress stain curve. 

1 2 . Explain about the Tensile Test. 
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7. BENDING FORCE AND DEFLECTION 

7.0. Introduction 

Theory of simple Bending 

Consider a small length 6x of a loaded beam subjected to a bending moment M as shown in figure 
below. 

Now due to action of the bending movment M the top layer of the beam AC is suffered compression 
and reduced to AjCj 





Before loading 

(a) 

Fig7(a,b) 

Proceeding below, the bottom layer BD is suffered tension and hence stretched to B l D ] as shown 
in fig 7.b. Interestingly but obviously there is an intermediate layer 'TS' which is neither compressednor 
stretched. It remains unchanged with no strain and no stress. The layer in between top and bottom 
layers of the loaded beam which is neither stressed nor stained is known as neutral layer. This theory is 
called the theory of simple bending. 

Bending force 

The force acts on a horizontal body which cause the body to bend is called bending force. The 
difference between the initial stage and after the bending is the bending value. 



7.1. Deflection 



Definition 




W Slope 



Fig. 7.1. 



Deflection 
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Deflection of a point in a loaded beam is the vertical displacement of that point between its two 
position before and after loading, see fig give above. 

Moment of Inertia and Radius of Gyration 

In the marked line for V position 'a' which has its surrounding area was made to rotate is that 
position. The multiplication of the straight line of ' ar ' . So it is called moment of Inertia. It is donated by 
T. 

Moment of Inertia = AK 2 when K. is the radius of gyration. 

Radius of Gyration 

The radius of gyration of a section is the quantity obtained by the square root of the ratio of the 
Ml. of a section about centroidal axis and the area of whole section. 

7.2. Electric poles 

The electrical energy produced by generators run by water pressure, steam turbines or diesel 
engines is transmitted over long distances from the generator to the consumers or the device/machine 
which puts the energy to work. The transmission line is either underground that needs no support (or) 
supported by poles and towers overhead. The voltage of transmission line varies as per consumer's 
requirements and has to be supported on different capacity poles and towers further depending upon 
terrain to be crossed size and number of conductors and equipment to be carried. In India many types 
of structures are employed, among there are four types of poles used are as under. 

Types of Electric poles 

1 . Wooden poles 

2. Reinforced cement concrete poles (RCC) 

3. Tubular poles. 

4. Steel Tower 



SLNo. 


Types of Poles 


Maximum Spon (m) 


1. 


Wooden poles 


40-50 


2. 


RCC poles 


80-100 


3. 


Tubular poles 


50-80 


4. 


Steel Tower 


100-300 



7.2.1. Wooden poles 

As stated above, wooden poles are used to transmit small capacity overhead power lines at a 
safe distance above the ground. The wooden poles preferred on account of its initial low cost and 
natural insulating qualities. The choice of wooden poles depends upon what is available in that particu- 
lar state or near by jungles. The pole should be sound and hard grown, straight and free from large 
knots. In northern india eucalyptus is commonly available it has good qualities it is light, strong, has 
gradual tapper and free from large knots. The special advantage is that it is available in any length. The 
length of a wooden pole depends upon clearance above the ground surface and secondly the number 
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of cross arms and other equipmet to be attached. Normally the length of wodden pole in 1 to 1 2 mtrs. 
The pole should strong enough to withstand wind pressure, and normal weight of equipment and con- 
ductors. 




7.2.2. Concrete poles 



ftoLg^bfi polyps 



\|vjfpV>t=Ol 1 



SUPPORT 



frWrPnrrP Pr\j 




Fig 7.2.2 

Concrete poles are very commonly used where scarcity of better quality wooden pole is 
experienced, it has certain advantages over wooden poles such as its longer life, being free from insects 
and atmospheric effects low maintenance cost and capacity to withstand more weight The concrete 
poles are used from normal street lines upto 33 KV power transmission line subject to length and 
thickness of pole. The concrete poles are disigned for a specified transmission line it has to carry. It 
consists of several re-inforcing steel bars held together with a seperate small diameter wire welded to 
steel bars at many places right from bottom to top lengthwise. Where height of concrete pole in required 
usually long the re-inforcing bars are to be welded to obtain required length. The cement concrete 
mixture is filled in and around the steel structure in a special mould. 
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7.2.3. Tubular Poles 

The steel poles suitable for the small ca 
pacity transmission lines such as for street light- 
ing may be made of tubular steel, rolled steel in 
single piece or small angles 
fitted or braced by lattice J ///j^\\//// 
work. The advantage of tu- ^ \ 

bular poles are that these are light 

and easy to install though initial cost is little more 
as compared to wooden poles, it does not need 
special equipment for its erection. The depth of 
pole into ground various depending upon length 
of pole. Soil condition, number of conductors 
to be supported for a tubular steel poles used 
for small capacity distribution net work and 
street lighting installations the structure is given 
below. 




7.2.4. Steel Tower 

Steel towers are used to transmit 
greater power and as such, stronger steel 
structures for large spans may be required. 
There is a very large variety of steel towers 
based on economy and suitability for 
instance, for long railway or river crossing, 
the spans may be more as such design of 
tower may vary according to requirements 
and terrain to be crossed. 



Fig. 7.2.3. 



Fi 
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7.2.5. Properties of poles 

1 . The poles must be strong and the factor of safety should be between 2-5 and 3 . 

2. Should have less weight best with high strength. 

3 . Should be easily maintenance and less cost. 

4. Should withstand all climatic conditions. 

5. The poles should have good appearance as well as in safe condition. 

7.3. Stay wire 

The pole at the point of change in direction of L.T poles should be connected with extra wire, in 
order to withstand the tensile force of the pole is called stay wire. 

A Frame is attached at the 1 /3 rd height from the top of the pole. A stay wire is connected from 
the toppole and through the frame and it is tightly tied the base of the pole as shown below in the fig. 




Supporting frame 



Stay wire 



Fig. 7.3. 



7.3.1. Supporting pole 



A pole which is lesser in hiehg tis placed in particular angle as shown in the figure to give a 
support to the main pole. 
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Supporting pole 
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Fig. 7.3.1 



7.3.2. Stay wire and support pole 



A supporting pole is placed either vertically or started slightly near to the electrical pole and two 
poles are strongly coupled through steel wire (stay wire) then the supporting pole is heavily hounded 
with the ground. The fig shown below is the structure of same. 



r^t 




Supporting pole 



Stay wire 



Fig. 7.3.2. 
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QUESTIONS 
Part -A 
I. Choose the Correct Answer 

1. In generating station electrical energy is produced by 

a) Transformer b) Motor c)A.C. Generator d) D.C. Generator. 

2. The Power from generating station to consumer's premises is carrying threw 

a) Cable b) Poles c) Antenna d)Dise 

3 . Generally the length of wooden pole for transmission line is 

a)8tol0mtr b)10tol2mtr c)12tol4mtr d)14tol6mtr. 

4. In concrete poles are used for voltage level for transmission lines one up to 

a)llKV b)22KV c) 33 KV d) 66 KV. 

5. In Northern india power transmission is done by wooden pole typeofwooden 

pole. 

a) banyan tree b)eccalyptus c) Coconut tree d)Arecanut. 

6. A Supporting frame is attached to the main pole height from the tope of the 

pole 

a) 2/3 rd b) 1 /3 rd c) 1 mtr d) 1 -5 mtr. 

7. The safety factor of pole should between to level. 

a) 2.5 to 3 b) 3 to 3.5 c) 3.5. to 4 d) 4 to 4.5. 

PartB 

II. One word Questions Type 

1 . Write down any one method to run the generator to produce electricity in power station? 

2 . Mention the max-span need for wooden Poles? 

3 . Mention the max-span need for steel Tower? 

4. Write down any one advantage by using concrete pole in the transmission of power? 

5 . In which type of pole in suitable for without any special equipment for erection? 

6 . What type of poles are using for transmitting greater power? 

7. Write down the name of pole which is lesser in height is placed in particular angle to the main 
pole? 
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Part-C 

III. Answer the following questions in briefly 

1 . What is meant by bending? 

2 . Define:- Moment of Inertia? 

3 . Write down various types of electric poles? 

4 . What is meant by staywire? 

5. Write is mean by radius of gyration? 

6. What are the properties of poles? 

Part-D 

rV. Answer the following questions in one page level 

1 . Explain briefly the theory of Bending? 

2 . Show the arrangement of connecting staywire and supporting pole? 

Part-E 

V. Answer the following questions in two page level 

1 . Explain with neat sketches the various types of electric poles? 
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8. SPRINGS 



8.0. Introduction 

A spring is a mechanical device which when supported to even small loading will undergo large 
amount of deformatiion without getting permanently distorted. It is capable of absorbing resilience due 
to any type of loading which may be restored as and when required. The stored energy is released from 
the spring to do the needed work and is used again and again for the intended purpose. Simply a spring 
is an energy reservoir. Springs are quite comonly used in automobiles, railway wagons, values, watches 
etc. 

8.1. Functions of springs 

Springs are usually required to perform the following functions. 

i) To cushion or reduce the effect of shock or impact loading. Ex; Automobile springs, railway buffers 
and shock absorbers. 

ii) To measure forces in spring balance, meters and engine indicators. 

iii) To store energy like in clocks, toys, circuit breakers, and starters. 

iv) To apply forces and to control motions in brakes and clutches. 

8.1.1. Types of springs 

The most common types of springs are as follows:- 

1 . Laminated spring 

2. Helical spring 

3. Flat spiral Spring 

8.1.2. Laminated spring 

p 

Reference line 



Master leaf 



Graduated 
leaves 




Rebound clip 



Centre bolt 



Fig. 8.1.2. 



Clarnp width 



It is also called as Semi-elliptical spring, leaf spring, carriage spring and built up spring, as shown 
bellow in fig. This spring consists of number of leaves which are held together by U-clips. The long leaf 
fastened to the supports is called master leaf whose ends are bent to form an eye. Remaining leaves are 
small level called graduated leaves. If heavy loading is there one or more full-length leaves are provided 
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below the master leaf, such a spring no longer remains beam of uniform strength and correction must be 
applied for it. The perpendicular distance between the reference lines to the master leaf is called camber. 

When the spring is subjected to maximum load, it becomes flat The hole drilled in the plate for the 
bolt weakens the spring. Therefore the diameter of bolt should be subracted from width of plate when 
making calculations for strength of the spring. The pressure exerted by the U - clip reduces the bending 
stress in the central part of the spring. The U-Clip creates a stress concentration at the edge of the 
spring seat. It is reduced by providing soft pad between the leaf and seat. The ends of shorter or 
graduated leaes are clamped by rebound clips. They help to distribute the load which is developed by 
the rebound action otherwise, the total load may be taken by the master leaf along and it will fail easily. 

Uses 

This type of springs are used in motor cars, trucks, trains and trally etc. 

2.Helical Springs 

Helical springs are made of circular wire coiled into a helical form, the load being applied along the 
axis of the helix, hi these springs, the major stress is shear stress due to twisting. The helical springs are 
classified into 

a) Close-coiled helical spring 

b) Open coiled helical spring. 

a) Close coiled spring 

The spring which are sustaining tensile force along their axes are called closed coil helical springs. 
These springs are having helix angle less than 1 0°. 




Opening 



Fig 8.1.4. 
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b) Open coiled helical springs 

The springs which can sustain compressive force along their axes, are called open coiled helical. 
These springs have helix angle more than 1 0° The fig shows under is open coiled springs. 







Fig. 8.1.5 (a) 

Uses of Helical spring 

It is used in switches, conductors, relays, centrifugal 
switches. The fig shows helical spring in the centrifugal switch of 
single phase motor. 




Fig. 8.1.5(b) 
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3. Flat Spiral spring 




Fig. 8.1.6 (a) 

These springs are made of flat strip wound in the form of spiral and loaded in torsion. In spiral 
spring, the major stress are tensile and compressive due to bending. The deflection is angular as shown 
above in fig. 

It is also called watch spring. It is made up of thin elastic strip used in watches, gramophone etc, 
It is also used to give the controlling in measuring instruments. 

Uses of spiral spring 

The below fig shows spiral spring is used in D.C. motor, Universal motor to give the pressure to 
carbon brushes over the commutator. The pressure of the carbon brush should be 200 gm to 350 gms 
per sg.cm. 
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Fig. 8.1.6(b) 
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Applications of phosper Bronze spirl a spring in the moving coil instruments 





Magnet 



Fig. 8.1.7. 

The above fig shows the springs in moving coil instruments. Arectangular shape rotating spring is 
placed between stationary magnetic poles and iron core. A thin spring made up of bronze provides a 
controlling torque, to the instrument. When the current passes through the moving coil, torque will be 
produced in the moving coil. At that time spring contracts simultaneously the needly moves and show 
the reading. It is used to measure only D.C. quantities. 



Bearings 



8.2. Introduction 



Bearing is a part of a machine. Bearings are used to bear the machines rotating shaft and the other 
moving parts to move smoothly without any friction. Bearing is one of the important parts in the machine 
because it reduces the frictiion and allows the moving part to move smoothly. Now a days number of 
machineries are available without bearings. 

8.2.1. Types of bearings 

There are two types of bearings. They are 

1. Plain bearings 

i) Bush Bearings 

2. Anti frictional bearing 

i) Ball Bearing 
ii) Roller Bearing 
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8.2.2. Bush Bearing 




Fig. 8.2.2. 

The above figure show the type of bush bearing. This type of bearing is made up of gun metal, it 
looks like a tube that contains holes. The shaft will rotate in the noles. This bearing also makes the tube 
separate into two parts. This type of bearing is used at low condition. In some type of fans, this bush 
bearing is used. If the cost of the bush bearing is low. The cost of the fan is also low. when compare to 
other bearing this bearing will soon set wear and tear. So this type of bearing may be often changed 
otherwise it will produce noise during running of motor. 

8.2.3. Ball Bearing 

This type of bearing reduces maximum amount of friction its construction is shown in the figure. 



Hole for shaft 



Ball bearing 




Fig. 8.2.3. 

Ball bearing contains molybdenum steel balls, the construction of this type is used to prevent dust 
particles to go inside and grease which comes out from the bearing. It is used in high speed rotating 
machines. This bearing work good than the bush bearing and has long life time. 

8.2.4. Roller bearing 

This type of bearing also reduces the maximum amount of friction and the construction is shown 
inthe figure. Roller bearing is same as that as ball bearing. 
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like balls which are used in ball bearing, here rollers are used now a days instead of using rollers, 
taped roller bearings are used. 

When compare to ball bearing, this roller bearing can withstand overload condition and the end 
thrust. This type of bearings are used to hold the rotor at both sides load is connected at one end of the 
rotor, so in large motors, roller bearing is connected at the side of load connected end of the rotor and 
ball bearing is connected to opposite side of the rotor. 



Rollers 




"' Roller bearing 



Fig. 8.2.4 
Fitting of bearing and romoving of bearing 



Wrong method 
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Fig. 8.2.5 

The above figure shows the method of connecting ball and roller bearing in the shaft. Ball and 
roller bearings are manufactured minutely, so care should be taken while fixing these bearings. The 
following steps are given for fixing bearings. 

a) First clean the fixing shaft and bearing neatly. While fixing the bearing on the shaft don't bear or 
strike out the bearing heavily because the roller and the inner ring in the roller bearing get damaged. 
Salt paper or emery sheet is used for clearing the shaft. 
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b) Place the bearing in vertical position to the shaft. Apply grease to the bearing, while inserting the 
bearing to the shaft, lightly strike the inner surface of the bearing using hammer. But the outer 
surface should not be strike. 

c) If you cannot insert the bearing an the shaft using wooden hammer, take a pipe and place the one 
end at the centre ring of the bearing and strike the other end of the piple by using hammer and try 
to insert the bearing on the shaft. 

d) After placing the bearing on the shaft at appropriate place, then apply good qualify grease to it. 
8.2.6. Removing of bearing 



Bearing 



Handle 




Bearing Puller 
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Fig. 8.2.6 



By using bearing puller to remove the bearing from the shaft. The figure shows the removing of 
bearing from the shaft. After removing the bearing, cover it with neat paper otherwise it will get damage 
due to the dust particles. It is very difficult to insert the new bearing on the shaft, cannot beat or strike 
out using hammer. Instead of beating, put the bearing in the oil (i.e sell tellus-3 3 ) keeping at the temperature 
90° for one hour. After this the bearing is easily fixed on the shaft. 

8.2.7. Uses of Bearing 

In most of the electrical machines ball bearings are preferred due to the following advantages 

1 . Ball bearings provide rolling friction which is much less than the sliding friction, so the starting 
torque required is low and the friction losses are less. Hence efficiency of the machine is high. 

2. Use of ball bearing provides better shaft alignment which further increases the efficiency of the 
machine. 

3 . Since ball bearings are packed with grease so no care or little case in needed. 
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LUBRICATION 

8.3. Introduction 

In order to avoid the friction in between the machinery parts (i.e rotating parts) applying greasy 
substance is called lubricant. Applying this greasy substance or Lubricant to the machinery parts is 
called as Lubrication. 

While motor is running, there is a friction between the rotor and the shaft. To make the rotor to 
rotate easily and to avoid friction, bearings are provided on the two sides of the shaft on applying 
standard grease to the bearing the friction is reduced. If proper grease is not applied then heat is 
produced. This heat will effect both shaft and bearing and sometimes shaft won't rotate. Hence to 
avoid this fault a good lubricant should be used. 

8.3.1. Aim of Lubricant 

i) To rotate the shaft and bearings smoothly. 

ii) To reduce heat and prevent power loss 

iii) To avoid wear and tear, 

iv) To remove the particles and dust that are created due to wear and tear, 

v) To avoid vibration when the motor is on overload. 

8.3.2. Lubrication types 

Various methods of lubrications are: 

i) Ring lubrication 

ii) Vibrating Rod Lubrication 

iii) Wick Lubrication 

iv) Splash Lubrication 

v) Greasing 

vi) Oil Lubrication 

vii) Greasing using gun 

Though there are many types, grease and oils are widely used. 

l.Oil 

The two types of oil lubricants are plant oil and mineral oil. These are classified into many types 
under viscosity condition. In the place where there is low heat less vis cosity lubricant is used and where 
there is high heat, high vis cosity lubricant is used. 

2. Grease 

Mostly grease is made up of a mixture of soap and mineral oil different types of grease are 
manufactured by many manufactures, varieties of greases are avilable in the market. Note down the 
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places where the lubricant is to be applied in the motor and apply the grease according to the 
requirements. 

8.3.3. Method of Applying Lubrication 

Lubrication process may differ from place to place. Mostly two types are used. One method is 
applying Lubricant by hand to particular part of the machine and the other is applied through pressure 
i.e. automatically the grease applied to the machinery parts by pressure. The method of applying lubricant 
can be explained below. 

8.3.4. Lubrication by grease cup method 




Fig. 8.3.4 

The above figure shows the grease cup method. The inner tube of the cup is made up of cast iron 
or aluminium with a screwed cover at the top. The grease is filled inside the tube. Ahole is provided at 
the bottom of the tube and is connected to the part which requires lubrication. 

When the screwed cover is turned or twisted, the grease inside the tube will come out through the 
hole to the part connected with the hole by pressure. The grease can also be applied through grease 
gun. 



8.3.5. Ring Lubrication 



Ring 



, Shaft 




Lubrication 



Fig. 8.3.5 
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The round shape ring is hanged down from the shaft where the lubrication is needed. The bottom 
of the ring is immersed inside the oil . 

When the shaft is rotates fastly. the ring will move slowly on the shaft, while rotating the ring it will 
take some amount of Lubricant oil from the bottom to top. 

When the ring comes to the top of the shaft, the oil from the ring will flow over the shaft and 
bearing. The remaining oil again flows down to the oil tank. By this method lubricant is applied easily to 
the shaft and bearing. 



8.3.6. Diagram of oil Lubrication method 
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Fig 8.3.6 
8.3.7. Diagram of wick Lubrication method 




i- Wick 



Bush 



Fig 8.3.7 
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9. TRANSMISSION OF POWER 

9.0. Introduction: 

In factories and workshops the power or rotary motion from one shaft of the prime mover (motor, 
Engines) to another shaft of machine( Lathe, drill, pump etc) is usually transmitted by means of flat belts. 
V belts rope or chain running over pulleys keyed to the shafts. Power is transferred from one shaft to 
another shaft is called transmission of power. 

9.1. Types of Transmission of Power 

Transmission of power can be occured in different ways. They are classified into 6 types, They are 

1 . Belt drive. 

a) Uncross Belt (or) Open Belt drive. 

b) Crossed Belt drive. 

2. Rope drive 

3. Friction drive 

4. Gear drive. 

5. Chain drive 

6. Coupling method. 
9.1.1. Belt drive 




Follower 
Driver 

Fig 9.1.1. 

The above fig shows a belt drive consisting of pulleys Aand B. The pulley Ais keyed to the shaft 
of the prime mover and is known as driver. The pulley B is keyed to the shaft of the machine intended 
to be rotated and known as follower or driven pulley. As the driver rotates, it carries the belt, due to 
frictional grip between its surface and belt. 

The belt in turn runs over the follower pulley and starts rotating it by friction. The frictional grip 
necessary for the effective transmission of motion is increased by tightening the belt and increasing the 
contract area of the belt over the pulley circumference. 
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9.1.2. a) uncrossed Belt (or) Pen Belt 

The open belt drive shown in fig below is used with pulleys connecting parallel shafts and rotation 
in the same direction. In this case the driver A pulls the belt from one side (Lower side) and delivers it 
to the other side (Upper side) 

Thus the tension in the lower side of the belt is more than the tension in the upper side. The power 
side belt is known as tight side since the tension is more and the upperside of belt known as slack side 
because of less tension. 




Driver 



Follower 



9.1.3. Cross Belt drive 

The cross belt drive shown in fig, is used in pulleys connectin parallel shafts but rotating in the 
opposite direction. 




Driver 



Fig. 9.1.3 



Follower 



The driver A pulls the belt from one side RQ and delivers it to the other side (LM). Thus the 
tension in the belt LM. The side of belt RQ is the tight side and the side of belt LM is the slackside. 
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9.1.4. Rope Drive 




Fig. 9.1.4 

The above fig. shows rope drive, in this drive a groove is cut on the rim of the pulley in which 
rope runs. The effect of groove increases the frictional grip and then reduces the tendency of slip. 

Many grooves are cut on the rim of the pulley which may enable to more number of ropes used 
for transmitting the greater power. 

9.1.5. Friction Drive 

Friction is the key factor for power transmission one friction plate is fixed on the driver and 
movable friction plate is fixed on the shaft. The power is transmitted by the friction of these two plates. 
The friction is occurred by moving the movable friction plate to contact with the fixed friction plate. 
Ex.motors, Torry and scooter engine. These friction plates are also called as "CTUTCH PLATE'. 

9.1.6. Gear Drive 



Driver 




Follow&r 



In precision machines in which a definite velocity ratio is of importance the only positive drive is 
by means of gears or toothed wheels. A gear drive is also provided when the distance between the 
driver and the follower is very small . 

In order to avoid the slipping a number of projections like teeth are provided on the periphery of 
the wheel 'A' (driver) which will fit into the corresponding relesses on the periphery of the other wheel 
B (follower) as shown in below. Simply a friction. 

9.1.7. Chain Drive 

Power is transmitted from one shaft to another shaft by use of chain. The chains are arranged in 
such a way to fix in the teeth of socket wheel. This type is used for bicycle, Rickshaw and motor bike 
etc. 

9.1.8. Coupling drive 




Fig. 9.1.8 

The above fig shows the coupling method of power transmission. The driver and driven shaft is 
connected by proper coupling and the power is to be transmitted. 

In water pump motor, the motor shaft and the impeller shaft is coupled by flange coupling. 

9.2. Individual Drive 

One motor is used for sinle machine for driving, this type is called Individual drive. The figure 
shows the diagram of Individual drive of power transmission system. 

9.3. Group Drive 

One motor is used for more than one machine for driving, then this type is called "Group Drive". 
The figure shows the structure of group drive for power transmission system. 
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Fig. 9.3 
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QUESTIONS 
Part A 
I. Objective type multiple choice questions 

1 . Write down the shaft of prime mover name in the power transmission 

a) Gear b) motor c) drilling d) lathe 

2 . In open belt drive tension in the lower side of the belt is than the tension in the upper side. 

a) more b)less. c) equal d) unequal. 

3 . Mostly friction drive is used in where 

a) Generator b) Transformer c) bikes d) None of them. 

4. Chain drive is used in where 

a) floor mill b) lathe c) Grinding machine d) bicycle. 

5 . In water pump motor the motor shaft and the impeller shaft is coupled by. 

a) Chain b) Teeth c) flange d)belt 

6. Write down the other name of uncrossed belt drive? 

a) Crossed belt drive b) Open belt drive c) Friction drive d) None of them. 

PartB 
II. One Ward Questions 

7. Write down the name of shaft of the machine intended to be rotated? 

8 . What is the other name of upper side of belt in uncrossed belt drive? 

9 . What is the name of cut on the rim of the pulley in which rope to run? 

10. The friction plate is also called as? 

11. In precision machines which type of drive in prefer for power transmission? 

Part-C 

1 2 . What is meant by Transmission of power? 

1 3 . Write down the various method for transmission of power? 

1 4 . What is meant by chain drive? 

1 5 . Write short notes :- Friction drive. 

16. What is meant by Individual drive? 

1 7 . What is meant by Group drive? 

Part-D 

1 8 . Explain how the power is transmitted threw belt action? 

19. Explain the method of Rope drive? 

20 . Explain the method of coupling drive draw the diagram? 

2 1 . Draw the diagram of group drive power transmission system mention their various parts: 

Part-E 

22 . Explain the method of uncrossed belt and crossed belt drive of power transmission. 

23 . Explain with diagram the method of gear drive system? 
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10. METHODS OF CABLE JOINTS IN 
ELECTRIC CIRCUIT 





10.1. Cable 

Cable means any current carrying conductor either of solid or stranded section provided with 
overall insulation. The cable may also be constituted of one or more than one conductor section called 
"cores". Each core conductors is insulated individually and all cores and enclosed i.e., bunched together 
in one common mechanical protective covering or sheath. These type of cables are known an "Multi- 
core cable", e.g., two-core cable, three-core cable, three and half-core cable etc. 



Core 

Armouring 
Jute filling 
Lead 
sheath 



Fig. 10.1. 

The cable normally consists of the following parts. 

1 . Conductor 

2. Insulation over the conductor and insulating materials between various conductors in case of multi- 
core cable. 

3 . Overall protective covering against mechanical damage. 

The power from generating stations can be transmitted by cables also. As seen already in comparison, 
the underground system is costlier and maintenance is difficult. Still, the system of transmitting the 
power by cables is preferred in thickly populated areas and cities. 

The cables are usually classified according to the voltage for which they are manufactured. According 
to the voltage they can be classified as : 

1 . L.T. (Low Tension Cables) up to 1 ,000 volts. 

2. H.T. (High Tension Cables) up to 1 1 ,000 volts. 

3. S.T. (Super Tension Cables) from 22,000 volts to 33,000 volts. 

4. Extra High Tension Cables from 33,000 volts to 66,000 volts. . 

5. Oil-filled and pressure and gas pressure cables from 66,000 volts to 1,32,000 volts. 

10.2. General Construction of paper-insulated Lead Covered Cables 

a) Core : All cables have one central core or a number of cores of stranded copper or aluminium 
conductors. Generally, there are one, two, three or four cores (three and a half). 
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b) Insulation : The different insulations used to insulate the conductors are paper, varnished cambric 
and vulcanized bitumen for low voltage. But mostly impregnated paper is used which is an excellent 
insulating material. When varnished cambric is used as an insulating material for low voltage cables, 
petroleum jelly is applied between the layers of the cambric type which prevents damage to the insulating 
tape by friction when the cables are handled. 

c) Metallic Sheath : A metallic sheath is provided over the insulation so as to prevent the entry of the 
moisture into the insulating material. The metallic sheath is usually of lead or lead alloy. 

d) Bedding : Over the metallic sheath comes a layer of bedding which consists of paper tape compounded 
with a fibrous material. Also, sometimes jute strands or hessiantape (strong coarse cloth of hemp or 
jute) is also used for bedding. The purpose of providing the bedding is to protect the metallic sheath 
from mechanical injury from the armouring. 

e) Armouring : Armouring is provided to protect from mechanical injury to the cable and it consists of 
one or two layers of galvanished steel wires of two layers of steel tape. 

f) Serving : Over and above armouring, fibrous material is again provided which is similar to that of 
bedding but is called as serving. 

Types of 3 phase cables 

The following are types of 3 phase cables. 

10.3. Belted Cables 

Fig. 1 0.3. represents the 3-core belted cables in which case each of the conductors is insulated 
from the other with impregnated paper. Surrounding the three conductors is again provided a belt of 
paper and the interstices between them are filled with fibrous insulating material. In such cables each 
core may have conductors of different diameters so arranged as to form a sector shape in order to 
avoid the undue waste in the cable. Over belt is provided a metallic sheath, then a layer of braiding 
armouring and finally serving. These types of cables are used upto 1 1 KV Voltage sometimes it is used 
22KV voltate transmission. 

Jute or Hession 
at top 

Jute fitting 
Paper sheath 

Paper 
Lead sheath 

Armouring 

Fig. 10.3 

10.4. H-type cables 

The H-type of cable has no belt insulation, but each of the conductors is insulated with paper to 
the desired thickness and over this is provided a layer of metalized paper, perforated to facilitate the 
process of impregnation. The fibrous material in the centre the along the filler spaces gives the round 
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shape to the cable. Over this comes the cotton woven tape so that the lead sheath, the binder of the 
metalized foil is all at earth potential. Then layers of braiding, armouring and serving are provided as in 
the previous case. 




Core 
Armouring 

Jute filling 



10.5. S.L. Cable 

In case of S.L. cables the individual conductors are first insulated with impregnated paper and are 
covered with a metallic sheath after which they are laid up and armoured. Note that there is no lead 
sheath over and above all the three cores. 
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10.6. H.S.L. Cable 

Such a cable is combination of B-type and S.L. type. 
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10.7. METHODS OF CABLE JOINT 

Cable jointing of Straight Trough Joint 

The cable jointing is a very skilled job and requires special care. A faulty joint results in short 
circuit, leakage current and high maintenance cost. 

Jointing Operations : The following steps explain the various operations usually carried out in cable 
joining. 

10.7.1. Step 1 

Centre Making. The cables are laid in the joint box base touching each other allowing 3 " overlap 
on each and from centre of joint. 




i&& 
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Fig. 10.7,1. 



10.7.2. Step 2 



Removing of Armour. Scrap off the jute binding of the cable upto the wire tape and place again the 
cable ends inside of the box and mark points on either inner side at 6 cm QA ") from the grand end 
wound wires at these marked points also. Now with the help of a Hack saw cut off the lead sheath from 
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free ends of the cables to the armour marked end, taking care not to damage insulation over the 
insulated core conductor of the cable. 

10.7.3. Step 3 

Removal of lead sheath. 

(i) Wrap a sufficient length about . 75 m (3 ft.) of cable either with clean paper or cloth. 

(ii) Prepare lead sleeve for plumbing and come down one end to a diameter sufficient to allow sleeve 
to slip over cables. 

(iii) Slide lead sleeve over this wrapping, taking care than inside of sleeve is quite clean to slip it over 
cable and hole for pouring compound in the sleeve is facing downward. 

(iv) Mark off and cut back lead sheath allowing 2.5mm. (1 ") to project inside sleeve at each end, do 
not cut too deeply and damage cable papers, while removing lead pull outward. 

(v) Put plumbing ring in the proper places over the lead sleeve and tight them at 25 mm. (1 ") distinct 
from the lead sheath ends. 

10.7.4. Step 4 

Removal of Insulation 

i) Wrap cotton tape over each core and belt papers, wrapping in the direction of the lap of the core 
papers, leaving 50 mm. (2") at the end of cores untaped. 

ii) Place spreaders between the various core sections and remove each core's paper insulation up to 
half length plus 1 9 mm . (%") more than the (sleeve) ferrule length. 

10.7.5. Step 5 
Soldering 

i) Tin each conductor thoroughly. 

ii) Fit grip type jointing sleeves over conductors and grip them together with gas plier, so that conductors 
but at the centre of sleeve. 

iii) Pour the molten solder with the helpof pot and ladle, using flux over the end gaps . Allow the 
solder to cool and form a perfect joint. 




Fig. 10.7.5. (a) 
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iv) The excess solder solidified over the sleeve (ferrule) should be removed with the help of a 
sharp knife or sand paper as shown in fig. 




Fig. 10.7.5. (b) 



10.7.6. Step 6 
Insulation the Joint 

i) 



2) 



Due to the heat of molten solder the cable insulation close to the joint section either gets burned 
partly or totally damaged. For this reason chip off this insulation upto 1 2 mm QA") length from the 
jointed section. 

Wound impregnated paper tape with a half lap over the bare section along with the sleeve (ferrule) 
portion so as to form over-all width equal to it 1 Yi times that of the cable core insulations as shown 
inflg. 




Fig 10.7.6. (a) 

iii. Remove the spreaders placing triangular shaped, paper separator between core-section. This is 
done by pressing two limbs of separator together and inserting them between two of the cores, 
allowing limbs to return to their normal position across the third core when separator is finally 
inserted, as shown in fig. 




Fig. 10.7.6. (b) 
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iv. Wrap outer impregnated paper binder over joint with separator in position and finally with cotton 
tape. 




Fig. 10.7.6. (c) 
10.7.7. Step 7 

Plumbing of Lead Sleeve 
i. Bring the lead sleeve over the jointed sections by sliding gradually, 
ii. Heat the taped joint to remove the moisture. 




Fig. 10.7.7. (a) 

iii) Slide the plumbing rings over the free ends of the lead sleeve. If plumbing rings are not used, 
then the free ends of the lead sleeve should be bent so as to make good contact with the lead 
sheath of the cable. 

iv) Tin the end of the lead sleeve when the wipe is to be formed and make the plumbs by pouring 
molten solder. 





Fig. 10.7.7. (b) and (c) 
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v) In good plumbing the thickness of the plumbing material layer deposited should be of uniform 
thickness all around and neat in appearance. 

vi) Fill the lead sleeve with compound, when sleeve is full; continue to pour more compound until it 
overflows through vent holes and until bubbling ceases. This will indicate that all air is expelled out. 




10.8. Step 8 

BoxAssembly 

i) Place in position the joint, taped, plumbed cable section in the base of the box with armour 
clamps shown in 




Fig 10.8.1. (a) 

ii) Tight the armour clamps firmly. 

iii) Fill the compound in the grooves of j oint bottom half of 




Fig 10.8.1. (b) and (c) 
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iv) Place top half of the box in position and bolt up. 
v) Warm box with a blow lamp and fill the compound, 
vi) Tight finally all the bolts. The straight j oint is ready. 




Fig 10.8.1. (d) 
10.9. Cable jointing of Tee joint 

Use: Tee joint is used for taping and serving connections. 
10.9.1. Jointing operations. 

The following steps explain the various operations for cable jointing. 
1 . Remove top half of tee box. 




Fig. 10.9.1. (a) 



2. Lay cable in position, as shown 





Fig 10.9.1. (b) and (c) 

3 . Mark off cable, by placing lower half of the box in position around around serving of service cable 
stip. 
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4. Place wire binder around serving or service cable. Strip off serving from armouring and mark 
armouring. 

5. Remove armouring form service cable, see Fig 

6. Mark off lead sheath, cut through and remove carefully. Lead sheath of service cable. 

7. Peace wire binder around serving of main cable. Strip off serving. Mark off armouring and 
remove armouring and serving.. Mark cut through and remove lead sheath. 




Fig, 10.9.1. (d) 

8 . Remove belt papers from service cable and splay out the cores . Tap the cores with 
impregnated cotton insulating tape. 

9. Remove belt paper at about 25cm. ( 1 ") at each end of lead sheath and insert wood wedge in main 
cable, 




Fig. 10.9.1. (e) 

1 0. Bare the conductors of main cable, to which the service is to be connected, and make the service 
connection, 
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Fig. 10.9.1. (f) 



11. Solder the joint 



1 2 . Wrap lead strip on the lead sheath of cable, so that its diameter is more than the maximum diameter 
of the box. 





Fig. 10.9.1. (g) and (h) 

1 3 . Place the j oint in cast iron box and tight the armour grips. 




Fig. 10.9.1. (i) 

1 4. Warm the lower half of the box, and fill compound in the grovers of box. 

1 5 . Place top half of the box in position, tight the bolts and fill the gland with compound. 



70 




Fig. 10.9.1. G) 

1 6 . Fill the box with bitumen compound, allow the compound to cool. 




Fig. 10.9.1. (k) and (I) 

1 7. Seal the box, the "Tee Joint" is ready. 
General Specifications of Cable 

i. Type of conductor used in cables (copper or aluminium) 

id. Number of cores that cable consists of (e.g. single core, twin core, three core, etc). 

in. Voltage grade (240/41 5V or 650/1 1 OOor) 

iv. Type of cable with clear description regarding insulation, shielding, armouring braiding etc. 

10.11. Soldering 

Soldering is the process of jointing metal sheet (Such as tin, galvanized iron, copper sheet etc.) 
with an alloy whose melting is less that of the materials to be soldered. The alloy used for joining the 
metals is called solder. (The most common solder is composed of 50 percent lead and 50 percent tin. 
Its melting point is about 1 percent that of copper. 

10.12. Material used for soldering 

The composition of the fine solder (soft solder) is tin 60 and lead 40. Its melting temperature is 
1 90c and is widely used by tin men and radio -mechanics. 
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10.13. Flux for soldered. 

For proper soldering flux is to be used. In soldering process, the application of flux serves to 
remove oxides from the surface to be soldered. They deoxidize the materials at the time the soldering 
element is added. For ordinary soldering zinc chloride is a common flux. Tallow or olive oil may also be 
used for soldering. Flux is also sometimes incorporated in solder wire itself. In such a case no extra flux 
is necessary. Than that wire is called resin cored solder. 

10.14. Construction of soldering: 

The soldering iron has five main parts i) Handle ii) Element iii) Body iv) soldering bit v) connecting 
lead. 



Metal Case 
(Barrel Type) v ^ 



Porcelain 
Beads 
\ 



Wooden/Bakelite 
Handle 



Terminal Housing 



Metal Tip 




Supply 

Card K\W^ Fig. 10.14. 

3 Pm-Plug 6 

10.1.5. Techniques of soldering 

There are 3 ways to perform good soldering. They are. 

1 . Tinning the soldering Iron 

2. Applying the flux 

3 . Applying the solder. 

10.15.1. Step:l- Tinning the soldering Iron 

Preliminary in the soldering, the soldering iron or the bit must be coated with solder and this 
operation is known as tinning. 

To tin soldering bit, heat it until hot enough to melt a stick of solder rapidly when it is lightly 
pressed against it. 

When hot enough, clean up the surface of the bit with an old file. 

If the temperature be too high the copper surface of the bit will be found to tarnish immediately in 
which case the soldering bit must be allowed to cool slightly and the cleaning be repeated. When the 
surface tarnishes slowly, it is at the right temperature for tinning. 
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Take apiece of tin plate and place on it some solder and flux and rub the bit on the same. 

After the molten metal has spread over the whole of the surface which is desired to tin the super 
fluous solder is wiped off with a clean damp rag the surface should present a bright silvery appearance 
when properly tinned. 

10.15.2. Step: 2- Applying the flux 

The resin which in recommend as flux may be sprinkled over the surface to be soldered or may be 
applied in liguid form by dissolving in alcohol in the liguid form it may be applied with a brush shown in 
fig below. 

10.15.3. Step: 3- Applying the solder 

The methods used in applying the solder to the part to be soldered depends upon the nature of the 
work- It may be applied by 2 method, they are, 

i) picking up and 

ii) melting on the work. Method. 

1. Picking up method 




Fig. 10.15.3. (a) 

The above fig shows the picking up method. For soldering small wires, this method is used. The 
solder is picked up with a hot bit and then applied to the Joint . 

2. Melting on the work Method 




Fig. 10.15.3. (b) 
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The second method of melting the solder on the work is that the solder stick is held on top of the 
work piece. 

The bit is more efficiently applied from below, as it allow the heat to rise melting the solder and 
allowing it to flow in to the crevices. When it is found impossible to apply the heat from below, the 
soldering copper may be placed at the top as shown in below figure. In which case it will be necessary 
to in crease the heat of the copper. 




Fig. 10.15.3. (c) 



10.16. Bracing 
Definition 



Metals are Joined by using filler metal. The temperature of the filler metal is less than the temperature 
of Joining metals and the Jointing metals have higher melting point. That is above 500c is called bracing. 
Bracing connections are used for good conduction, good mechanical strength, for a long period, and 
also withstand the vibrations. 

10.16.1. Method of bracing 

In squirrel case rotor, the straps inserted in the outer surface (periphery) are connected to the rings 
provided on the two sides by using bracing method. In armature, thick conductor are connected to the 
commutator by bracing method. 
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QUESTIONS 
PartA 
I. Choose the Correct Answer 

1 . Generally type of conductors are used inside the cable. 

a) Brass b) Iron c) Copper d) Silver 

2. The Colour of cabel structure is 

a) Brown b)blue c) black d)Grey. 

3. Mostly underground cable laying is suitable for 

a) Rural b)city c) forest d) Tunnel (or) mines 

4. Soldering process is related to 

a) Electrical b) electronic c) computes d)Aeronatic. 

5 . Generally metal is used for soldering lead. 

a) copper b) Zinc c)Aluminium d) Tin. 

6. The melting point of bracing is above 

a)300°C b)400°C c) 500°C d) 600°C 

PartB 

II. One ward Questions :- 

7 . ' Cable' means a lenth of insultated conductor True/False. 

8 . What type of insulation are covered on the cable? 

9 . What is the preliminary operation should do for before soldering? 

1 . What i s the recommended name of flux for soldering use? 

Part-C 

III. Answer the following questions in briefly 

1 1 . What is meant by cable? 

1 2 . Write down the general specification of cable. 

13. What is meant by soldering? 

1 4 . What do you meant by the process of 'Tinning ' ? 

15 



Part - D 

IV. Answer the following questions in one page level 

1 5 . Draw the explain the structure of 3 core weather prof cable. 

1 6 . What is meant by bracing explain the method of bracing? 

Part-E 

V. Answer the following questions in two page level 

1 7. Explain with neat sketch methods of cable joint connection? 

1 8 . Explain the construction and various techniques of soldering process? 
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1. ENGINEERING DRAWING AND 
IMPORTANANCE OF DRAWING 



1.0. INTRODUCTION 

Engineering Language is known as Engineering drawing. It is a way through which engineers can 
communicate their deas, designs and thoughts to others. Creative ideas of engineers are recorded by 
means of Engineering drawing. Drawing is the foundation for all the engineer. And it is a universal 
language of engineering It is used for a graphical representation of the size, shape and allowances of any 
object. 

METHOD OF EXPESSION 

1 ) Free hand sketching. 

2) With Drawing instruments. 

3) By computers. 

DRAWING INSTRUMENTS 

Drawing Instruments are used to prepare drawings accurately and easily. The accuracy and quality 
of drawing depends upon the accuracy and quality of drawing instruments. 

The following classifications are in the drawing instruments in accordance with their uses. 

i) Basic Tools 

Drawing Board, Drawing paper, Pencil, Eraser and drawing pins or tape and clips, duster sand 
paper Black Tools For Drawing Straight Lines 

T-square and set square, Mini drafter, scales. Tools For Curved Lines 

Compass, French curves and Templates Tools for Measuring Distance and angles 

Dividers, scales and Protractor. 

1.1. DRAWING BOARD 

S\JP££££ WORKING EDGE 

EBONY 

BATTENS 




WORKING EDGE 



Fig. 1.1 
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It is rectangular in shape. 25mm thick well reasoned soft wood strips are used for making the 
drawing board. The strips are j oined to gather by two battens at the back in order to prevent warping. 
On the left side an ebony edge is fitted on which T-square is made to slide. This edge should be 
perfectly straight and is called as working edge. For using the drawing board it kept in such-a-way that 
ebony edge should be on the left hand side of user and drawing paper/sheet attached from extreme top 
right hand side of corner. So that enough space could be available for moving the drafting machine. 

The standard size of drawing boards recommended by ISI are given below. 



SI.No. 


Designation 


Dimension in MM 


Name 


1 


BO 


1500x1000 


Antiquarian 


1 2 


Bl 


1000x700 


Double elephant 


3 


B2 


700x500 


Imperial 


4 


B3 


500x350 


Half- imperial 


5 


B4 


350x250 


Quarter - imperial 



1.2. DRAWING SHEET / PAPER 

Normally thick white drawing sheets are used. Firmly affix the paper to the drawing board with the 
help of drawing pins or clip. 



AO 



A2 



A3 



A4 



AS 



A1 



Fig. 1.2 

The following are the size of drawing sheets according to ISI 696 - 1 972. Students are usually 
used A2 size drawing sheet. 



SI.No. 


Designation 


Trimmed (MM) 


Untrimmed (M.M) 


Width x Length 


Width x Length 


1 


A0 


841x1189 


880x1230 


2 


Al 


594x841 


625 x 880 


3 


A2 


420 x 594 


450x625 


4 


A3 


297x420 


330x450 


5 


A4 


210x297 


240x330 


6 


A5 


148x210 


165x240 
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1.3. DRAWING SHEET LAYOUT 



20 



BORDER LINE 



10 



LAYOUT FOR A; SHEET 



TITLE BLOCK 



/ FOLDING , , 

UNTRIMMED / MARK / TRIMMED/ MA RGIN. 



Fig. 1.3 

For giving pleasing appearance, every drawing must have a layout. The layout should facilitates, 
easy reading of the drawing, easy locating of essential references. It includes all the necessary information, 
sufficient extra margin for easy filling and binding of drawing sheets. 

Neatly fold the finished drawings and place them in and envelope type card board box instead of 
rolling them. 

1.3.1. DRAWING PENCILS 

The appearance and accuracy of a drawing depends very much on the quality of the drawing 
pencils. The grade of the pencil lead is usually indicated by letters and figures at one and of the pencil. 
The grades B, 2B, 3B 7B indicate H, 2H 3H-indicate the degree of hardness in an increasing order. 

HB grade is used for marking arrow-heads, thick free hand sketching, thick out lines. Like border 
lies or margins, H for out line of visible lines, and dimensioning. 2H for construction lines and hidden 
lines. 

1.4. DRAWING PINS, U CLIPS AND CELLO TAPE 




(a) Drawing pin 



(b) Cello tape 

Fig. 1.4 
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(c) Spring clip 



r^ 



Drawing pins are used for fixing the drawing sheet on the drawing board. It consists of a head 
plated with mild steel or brass and a needle part made of steel. Pins should be so inserted on board that 
the pins heads sit on the surface of the drawing sheets. 

U clips one used for fixing the drawing sheet on the drawing board. 

Now a days, cello tapes are used in place of drawing pins for its practical convenience as the 
drafting machine, T-square and set square can be moved very easily over the tape. 

1.4.1. ERASER 

It is made of soft India- rubber and is used for removing lines drawn by mistake or over dimension 
etc. Its use should be such that it should not spoil or damage the surface of the paper. Frequent use of 
eraser shall be eliminated. 

The eraser shield is a thin sheet which is used to prevent erasure of correct lines vearer to the 
wrong lines which are to be erased. Duster 

The duster should be preferably of to wel cloth or handkerchief used for cleaning drawing instruments 
and materials, before starting the work. The rubber crumbs formed after the used of eraser should be 
removed by duster and not by hand. 

1.4.2. SAND PAPER BLOCK 

For sharpening the pencil by sand paper block pull and roll your pencil on the sand paper block 
5No. designation sand (emery) paper are used in the common applications. Sometime zero grade sand 
paper are used. 

1.5. T-SQUARE 



-!^QSKIfiG_EDGP 




Fig. 1.5 

The stocks and the blade are the two parts of a T-square and these two parts are joined together 
at right angles to each other by means of screws and pins. T-square should be made by hard quality 
wood. The blade lines on the surface of the drawing board. The stock is placed adjoining the working 
edge of the drawing board and slide on it when required. The T-square is used for drawing horizontal 

lines. 
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1.6. SET SQUARES 



Set-squares 





45° Set-square 



30°- 60° Set-square 



Fig. 1.6 

The set squares are made of transparent celluloid or plastic. Generally two forms of set squares 
are used for drawing and they are triangular in shape. One corner in each setsquare is a right angle, 
45° set square and 30° - 60° set square are the two forms. 

Set squares are used for drawing all straight lines. Vertical lines can be drawn with the both set 
squares along with the T-square. 

Lines with an angle of 1 5°,300,450,60°,750 etc can be drawn with the combination of set square 
and T-square. 

1.6.1. MINI DRAFTER 

Mini drafter is used for faster drawing work. It serves the combined purpose of T-square, set 
square, protractor and scales. Drawing of horizontal, vertical, inclined, perpendicular and parallel lines 
are done quickly by mini-drafter. 

1.6.2. SCALES 

Scales are used to transfer the dimension of the object to the drawing. They are made of steel, 
wood, celluloid or plastic, card board. The scale are usually about 1MM thick and scales of grater 
thickness have beveled longer edges. Both the longer edges of the scales are marked with divisions of 
centimeters (CM) and millimeters (M.M). 

The scales for general engineering drawing are 

a) Fullscale : 1:1 

b) Reducing scale : 1:2,1:5,1:10,1:100 

c) Enlarging scale : 10:1,5:1,2:1. 
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1.7. COMPASS 









Fig. 7 

The compass is used for drawing circles and arc of circles to the required dimensions. Compass 
consists of two legs, which are pivoted at the top end. In the lower end of the one leg has a pointed 
needle fitted to it and end of the other leg is used for inserting a pencil lead. The pencil leg lower part is 
detachable and an in king pen attachment can be fixed to it. 

Up to 1 50 mm diameter circles can be drawn with the legs of the compass kept straight and for 
drawing larger circles the lower part of the pencil leg is removed and lengthening bar is attached in the 
pencil leg place. The pencil leg part is then fitted at the end of the lengthening bar, thus in creasing the 
length to of pencil leg. 

1.8 FRENCH CURVES 




Fig. 1.8 

French curves are made of wood, celluloid or plastic and of various shapes. French curves are 
used for drawing curves other than circular arcs, which cannot be drawn with a compass. French 
curves are sometimes cut in the middle of set square (30°-60°) 

1.9 TEMPLATE 

Template are made of plastic and it look like set square. Template are used to draw some particular 
object with speed and easy. Square, Triangle, circle, hexagon, ellipse are some of the object made in 
the template. 
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ENGINEERS 
TRIANGLE 
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Fig. 1.9 

1.10 DIVIDER 

The divider consists of two leg with steel needle points pivoted at the top end. Divider is used for 



a) dividing a straight line or curve into any number of equal 
parts. 



b) to transfer the dimensions from one part of drawing to 
another part. 

c) to set off given distance from the scale to the drawing. 



w 

Fig. 1.10 



1.11 PROTRACTOR 




Fig. 1.11 



Protractor is made up of wood, transparent celluloid or plastic and they are semi circular shape. It 
is used to draw or measure the angles. The circumferential edge is graduated to 1 ° divisions and are 
numbered at every 1 0° intervals and is readable from both ends. The diameter of the semicircle is called 
the base and the center is marked by a short line perpendicular to it. 
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1.12 FREE HAND SKETCH AND LETTERING 




5/7h 
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SPECIMEN OF VERTICAL LETTERS AND NUMERALS 




Fig. 1.12 

With out using drawing instrument to drawing a object or lettering is called free hand sketch. 

Writing of titles, dimensions, notes and other important details on a drawing is called LETTERING. 
Lettering is an important part of drawing. The drawing even when drawn neatly and accurately its 
appearance as well as its usefulness may be spoiled, because of poor lettering. 

Therefore lettering should be done properly in clear, uniform and legible style. The dimensions and 
notes should be done in free hand and speedily. Careful and continuous practice will improve the 
efficiency of lettering skill. 

84 



LINES 

In engineering drawing different types of lines are used to describe different obj ects and different 
reasons. The following types of lines are the important lines used in the engineering drawing. 

1. Outline 



Out lines are drawn in the outer edge of an aobject. This is a thick line drawn continously without 
any break, also called object lines. 

2. Dotted lines 



This line is drawn to indicate certain inner or hidden edges surface of an aobj ect. It is drawn with 
a break at regular intervals. The dotted line is drawn with 2 mm length 1 mm intervals. 

3. Centreline 



This line indicates the centre point of a circles and ares. It is drawn using long and short lines 
respectively. The long line is six or eight times longer than the small lines which are present in between 
the long ones. 

4. Dimension line 



Dimension line indicates the size of an object. The arrowheads are drawn on either ends of this 
line. The width and the lengthof the arrow head differs according to the length of the line. 

5. Extensin line (or) Projection line 



4 



* 



Extension lines are drawn in a direction prependicular to the edge to be dimention line. It indicates 
the border of an object. The length of this line should extend 3 mm away from the dimention line. 
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6. Section line (or) Hatching line 




This line is drawn to indicate the cut section of an object. These lines are drawn at an angle of 40°. 
The spacing between the lines is approximately 1 to 1 5 mm these lines are drawn lighter than the object 
lines. 

7. Pointer line 



A light bent line with an arrow head pointing an object is known as a pointer line. At the order and 
dimensiones such as area, radins of a bent part (or) repeated dimension etc., should be marked. 

8. Short Break line 



This lien is drawn to indicate unequal borders and a small break in a thing. It can be drawn by 
hand. 

9. Long break line 




This line is drawn to idnicate a large break in a thing, it is drawn with zig zag line. 
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POINTS TO BE REMEMBERED BY THE STUDENT 

The following points will be of immense help to the drawing student in making drawings 
neat and tidy. 

a) Clean the drawing board before using . 

b) See that the paper is perfectly flat on the board. 

c) See that the scales and protractor head of the mini-drafter move to any position on the drawing 
sheet. 

d) Keep the hands always clean and keep moist hands and arms of the drawing. 

e) Clean the instruments and materials before starting the work and also during the work with towel 
cloth. 

f) Do not remove dust or erased particles by hand. 

g) Be sure that the pencil points are sharp all the time. 

h) Do not sharpen the pencil over the drawing board or paper. 

i) Wipe the excess graphite off the pencil point each time it is sharpened. 

j) Neatness and accuracy are the hallmarks of drawing works. 
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2. GEOMETRICAL DRAWING 

2.0. INTRODUCTION 

The drawing of object views involves plane geometric constructions. It is necessary to have a 
good knowledge of plane geometry. Preparation of engineering drawings involves a number of geometrical 
constructions. Hence it is necessary to study geometrical drawing. Geometrical constructions relating 
to straight lines, circles, arcs of circles, Triangle, rectangle, square, regular polygons and conic sections 
are illustrated in this chapter. 

POINT 

A point is that which has simply position but no magnitude and generally represented by a very 
small circle or a small dot. 

LINE 

A line is that which is generated by a moving point under certain condition. 
Types of lines : 



B P 





Fig. 2.1 
i) Straight line ii) Curved line 

To bisect a given straight line or arc 



iii) Parallel line 



A 



M 



\/f 



(i) 



Let the given straight line or arc be AB. 



Fig. 2.2 




00 



With A and B as centers and radius grater than half of AB, draw arcs intersecting each other at 
M and N respectively. 

Join M and N which bisect the given line or arc. 
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2.3 To draw a perpendicular line to a given line from a given point with in it 

O 



«. 






AMP ^B 

Fig. 2.3 

Let P be the given point on a given line AB. 

With P as centre, draw an arc cutting AB at M by taking any suitable radius. 

With same radius, mark two equal divisions MN and Nr respectively. 

With centers N and R and of any suitable radius draw arcs to intersect at a point 0. 

Draw a line OP through and P, so the line OP is the required perpendicular line. 

2.4 Dividing a line into equal parts 

Dividing a line into number of equal parts by using dividers is not very accurate. All though great 
care may be taken, an accumulation of small in accuracies is bound to happen. A satisfactory method is 
given below. 




Fig. 2.4 

If the line PQ is to be divided into six equal parts. 

Draw a line PR inclined at any convenient acute angle to PQ. 

Make six equal divisions A any convenient length along PR starting from P. 

Join Q and 6. Draw lines parallel to Q6 through the division points 1,2,3,4 and 5 cutting 
PQ at l',2',3 V^andS'. 

Points 1' ,2',3 ',4' and5' are the division points dividing PQ into equal parts. 
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ANGLES 

An angle is the inclination between two inter setting lines. 
2.5 TYPES OF ANGLES 




120 



60 ^ c 
30 




120 




A A B a 

Fig. 2.5 

Right angle: Angle equal to 90° is called right angle. 

Acute angle: Angle less than 90° is called Acute angle. 

Abtuse angle: Angle greater than 90° is called abtuse angle. 

Complementary angle: Complementary angle are those when two angles together make 90°, Thus 
in Fig. 2.5 (iv), the angles AOC and BOC are complementary angles. The angle AOC is also said to be 
the complement angle of BOC and vice-versa. 

Supplementary angles: supplementary angles are those when two angles together make 1 80°. 
Thus in Fig 2.5 (v), the angles AOC and BOC are supplementary angles. The angle AOC is also said 
to be the supplement angle of BOC and vice-versa. 

2.6 Bisecting a given angle between two given lines 





Fig. 2.6 

Let the given angle be AOB between to given lines OAand OB. 

With O as centre and with any convenient radius, draw an arc cutting OA at C and OB at D. 
Now with C and D as centre and any convenient radius draw arcs to inter seet each other at P. 
Draw a line through O and P, which bisects the given angle AOB. 

90 



2.7 Drawing an arc of given radius touching two given straight lines at right angles to each 
other 

8 




Let OA and OB be the given lines and r be the given radius. See Fig.2.7. 

With as centre and of radius r, draw arcs cutting OAat M and OB at N. with same radius and 
M and N as centre, draw arcs to intersect at P. 

With P as centre and of radius r 5 draw the required arc MN. 

2.8 Drawing of angle without Protractor 




Fig. 2.8 

1 . Draw the Horizantal line AB 

2. Draw A as the centre to a convenient radius draw semi circle meet AB at C 

3 . AC as radious and C is a centre, draw an are to cut the semi circle at D 

4. Then D as a Centre and witht he same radious draw another are to cut at and E respectively 

5. Joint AD, AE, AF now DAC - 60°, EAC - 1 20° and FAC = 1 80° 

6. Bisect again the are CD, DE, CF we get more angles. 
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TRIANGLES 

2.9 A Triangle is a plane figure formed by three straight lines containing three angles 



Vertex 




c Vertical 
Angle 



A Base B A 





Fig. 2.9 

The sum of all the angles of a triangle is always 1 80° . 

The side on which it is supposed to stand is called its base and the angles at the base arc known as 
base angles. 

The point where the other two sides meet is called a vertex and the angle at the vertex is called a 
vertical angle. 

The line drawn from the vertex and perpendicular to the base or base produced if necessary is 
called an altitude. 

The line joining the angular point of a triangle to the middle point of the opposite of an angular point 
is called the Median. 

2.10 TYPES OF TRIANGLE 

i) Equilateral Triangle : It's that in which all the three sides are equal and the three angle arc 
equal 

ii) Isosceles Triangle : It is that in which two sides as well as the angle opposite to them are 
equal 

hi) Scalene Triangle : It has none of sides or angle equal. The altitude may either be within or 
outside the triangle. 

iv) Right angled Triangle : It is that in which one angle is equal to 90° and the side opposite to 
the right angle is called hypotenuse, 

v) Acute angled triangle : It is that in which all the angles are a cute ie. Less than 90° . 

vi) Obtuse angled Triangle : It is that in which one of its angles is obtuse and the other two 
angles are acute. 

Drawing an equilateral triangle, given the Length of one side 

Let AB be the given length of one side of an equilateral triangle. 
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With T-square and set-square only 

Draw a line AB of given length by means of drafter. 

Set the drafter at 30°-60° and draw a line An through 
Amaking an angle of 60° with AB. 

Similarly through B, draw a line BN making the same 
angle with BA there by intersecting the first line at C. 

Join AC and BC. Then ABC is the required 
equilateral triangle. 

With the help of compass 

Draw a given line AB, With a and B as centers and radius equal to AB, draw as intersecting each 
other etc. 

Join Ac and BC. Then ABC is the required equilateral triangle. 

SQUARE 

Square is the quadrilateral in which all the sides are equal and the angles are at right angles. Draw 
a square given the length of one side : 





Fig. 2.11 (i&ii) 



Let AB be the length of one side of square. 

a) With T-Square and Set Square only 

Draw a line AB by means of a T-Square through A and B draw vertical line AM and BN Draw 
two lines AC and BD inclined at 45° to AB and BA, there by cutting BN at C and AM at D. Join C with 
D. Then ABCD is the required square. 
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(b) With the help of compass : -Draw a given line AB At A draw a line AM perpendicular to AB 
With A as centre and radius AB, draw an arc cutting AM at D. With B and D as centers and having 
same radius ie. AB, draw arcs intersecting each other at' C. Join BC and CD. Then ABCD is the 
required square. 

2.12 Draw a square inscribed in a circle 




1 . DrawHorizantal line AB 

2. Bisect the line AB 

3. C as a centre draw the vertical line CD 
4.BisectthelineCD 

5 . E as a centre draw the circle EA is the radious 

6. Joint AF, BG, FG 

Draw a circle inscribed in a square : 

Draw a straight line AB. 

Draw vertical line AM and BN from A and B. 

With A and B as the centers draw arcs radius of AB, these arcs cuts AM at D and BN at C. Join 
CD. 

Draw two diagonals AC and BD. These two diagonals intersecting at 0. Draw a vertical line from 
to the midpoint of line AB. Draw a circle with as centre and radius of OP. 

94 




RECTANGLE 

Rectangle is the quadrilateral in which the opposite sides are equal and all the angles are at right 
angles. 




Fig. 2.13 

Draw a rectangle of length 80mm and breath 40mm. 

Draw a straight line AB equal to 80mm From A draw vertical line AM. 

With A as centre and radius of 40mm draw an arc cutting AM at D. 

With D as centre and radius of 80mm draw an arc. 

With B as centre and radius of 40mm draw an arc. 

These two arcs intersecting each other at C. 

Join BC and CD. Then ABCD is the required rectangle. 
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2.14 POLYGON 



A polygon may be defined as a plane figure bounded by straight lines. It is a plane figure bounded 
by more than four straight lines and containing more than four angles. 

Types of polygon 

If all the sides and angles of a polygon are equal it is called a Regular polygon, but if all the sides 
and angles are un equal, then it is called an Irregular polygon. 

Regular polygon can be inscribed in or circumscribed around a circle 

The polygons are named according to the number of their sides and angles. 

PENTAGON 

Pentagon is that which has five equal sides and angles 

2.15 Draw a pentagon of a given side (say a40mm side) 

D 




Draw a line AB equal to 40mm. Bisect it at K and draw KD perpendicular to it. 

Cut of KM=AB. Join BM and produce it to N so that MN=half of AB. 

With D as centre and radius equal to AB draw an arc EC. 

With A and B as centers and having same radius cut the previous ac at E and C. 

Join BC, CD, DE and EA. Than ABCDEF is the required 
pentagon. 

2.16 HEXAGON 

Hexagon is that which has six equal sides and angles. Draw 
a hexagon of given side (say 30mm side) f. 

Fig. 2.16 

96 




• Draw a line AB equal to 3 Omm . 

• With A and B as centers and radius of 3 Omm, draw arcs intersecting at . 

• With as the centre and having 30mm radius, drawthe segment of a circle. 

• With AB as radius, cut the segment at C,D,E and F. 

• Join BC, CD, DE, EF and FA. Then ABCDEF is the required regular hexagon. 
2.17 Draw a hexagon about a given circle (Radius =30mm) 

B 








Fig. 2.17 

Draw a circle of radius of 30mm with O as centre. 

Draw horizontal diameter PP1 and other diameter MM' andNNl making and angle 60° 

Now, draw tangents at all the six points by intersecting at A, B, C, D, E and F. Then a, b, c, 
d, e, f is the required hexagon. 



2.18 HEPTAGON 

Heptagon is that which has seven equal sides and angles. 
Draw a heptagon of given side (say 40mm side) 




• Draw a line AB equal to 40mm 

• Produce AB to P such that AB=BP 

• With centre B and radius AB, draw a semi circle. 

• Divide the semi circle into 7 equal parts name the division points as 1 ,2,3 ,4,5,6 starting 
from P. 

• Join Band 2. 

• Draw the perpendicular bisectors of AB and B2, to cut each other at O. 

• With O as centre and radius of OA, draw a circle. 

• With radius AB, cut the circle successively at C,D,E,F and G to BC, CD, DE, EF, FGandGA. 

• ABCDEFG represents the required heptagon . 
2.19 OCTAGON 

Octagon is that which has eight equal sides and angles. 
Draw and octagon is a circumscribed circle (Radius 30mm) 

7 
8 ^ 




• With as centre and radius of 30mm draw a circle. 

• Draw the horizontal centre line 1 -5 and vertical 

• Centre line 3 -7 of the circumscribed circle. 

• Draw line 2-6 and line 4-8 at 45 ° to horizontal and vertical centre lines respectively. 

• Draw lines 1-2, 2-3, 3-4, 4-5, 5-6, 6-7 and 7-8 to obtain the required octagon. 

2.20 CONIC SECTIONS 

Conic section are the curves obtained by the intersection of aright circular cone by a plane at 
different angles. Ellipse, parabola, and hyperbola are the curves thus obtained and hence are called the 
conic sections or conies. 

98 




A 

/ V 

/ \ 

/ \ 



/ j^$%>^ 






(a) CIRCLE 



Generator 

(b) ELLIPSE 



(c) PARABOLA (d) HYPERBOLA 



Fig. 2.20 



When the cutting plane is perpendicular to the axis of the cone but does not pass through the apex, 
the curve obtained is a circle. (Fig.2.20.a) 

When the cutting plane is inclined to the axis and is not parallel to a generator and cuts all the 
generators, the section obtained is an ellipse (Fig. 2.20b) 

When a cone is cut by a plane which is inclined to the axis and is parallel to a generator, we have 
a parabola (Fig. 2.20 c) 

When the section plane makes a smaller angle with the axis than do the generators or is parallel to 
the axis, the resulting curve is a hyperbola (Fig 2.20 d) 

2.21 ELLIPSE 

An ellipse is defined as a plane curve which is the locus of a point moving in such a way that the 
sum of its distances from two fixed points in the plane is always a constant. 



Properties Of Ellipse 




PN-NORMALATP 
PT-TANGENTATP 



[j Fj and F 2 are the foci of ellipse 

Fig. 2.21 
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1) The two fixed points are called the focuses or foci, in fig. 2.2 1 , F and F 2 are the foci, Fi and 
F2 are equidistant from the centre 0. 

2) The long diameter passing through the foci and terminated by the curve is called the maj or 
axis (AB in the fig) 

3) The perpendicular bisector of the maj or axis terminated by the curve is known as the minor 
axis (CD in the fig) 

4) The distance of a point on the curve from the foci are called focal radi (R, and R, in the fig) 

5) Bydefinition 

pf 1 +pf 2 =af 1 +af 2 =<:f 1 +cf 2 

OA=OB AND OF=OF 2 .-.AF,+AF 2 =AF 2 +BF 2 =AB (Major Axis) 

MaiorAxis 
CFj+CF =AB ButCF =CF 2 .-. CF =CF 2 - J 

2 
Ellipse drawn in different (several) method. The important method of drawing the ellipse are 

1 ) Concentric circle method 

2) Trammel method 

2.22 Draw an ellipse of major axis 100mm and minor axis 60mm in concentric circles 
method 




Major axis circle 



Minor axis circle 



Fig. 2.22 

1) Draw AB (100mm) and CD (60mm) the major and minor axes perpendicular to each other 
cutting at O. 

2) With as centre, draw two concentric circles of diameter 1 00mm and 60mm as shown in 
Fig. 
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3) Drawradial lines OE ,E, OF , F etc at convenient angular intervals of say 30°. 

4) From points E,F etc on the major axis circle, draw lines perpendicular to the major axis AB . 
From points El FI etc on the minor axis circle, draw lines parallel to the maj or axis. The 
intersect is of perpendicular and parallel lines from points on the same radial line will fix a 
point on the required ellipse. 

(5) Draw a graceful curve through these points to define the ellipse. This method is more accurate 
than the others. 

2.23 Draw an ellipse of Major axis 110mm and minor axis 70mm using a trammel method 






£ MINOR (35) 




' 




1 


1 


2 1 


3 






£ MAJOR (55) 





Fig. 2.23 

Draw AB (1 1 0mm) and CD (70mm) the major and minor axes. 

On the straight edge of a strip of paper, mark 1 -3 equal to half the maj or axis (55mm) and 2-3 
equal to half the minor axis (3 5mm) 

Place the paper strip trammel in such a way that 2 is on the maj or axis AB and 1 is on the minor 
axis CD. Then 3 will lie on the required ellipse. The trammel is moved to different positions and the 
positions occupied by 3 when 1 is on the minor axis and 2 on the major axis are marked. 

A smooth curve is drawn through these points to obtain the required ellipse. 

2.24 PARABOLA 

A Parabola is defined as a plane curve which is locus of a point moving in such a way that its 
distance from a fixed point, the focus is always equal to its distance from a fixed straight line. 

Draw a parabola of base 130mm and axis 100mm by using rectangle method 

1 ) draw the base EF, 1 3 0mm long. Mark its midpoint B. 

2) Draw the axis B A, 1 0mm long perpendicular to EF 

3) Complete the rectangle CDEF of which DE=AB. 

4) Divide BF and CF in to the same number of equal parts. Number the division points from F 
as shown in the fig. 

5) Draw lines joining A with points 11,2' and 3 ' 
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PARABOLA - RECTANGLE METHOD 
Fig. 2.24 

6) Draw lines parallel to AB through 1 ,2 and 3 to intersect All , A2', and A3 1 at points 1 ", 2" 
and 3" respectively. 

7) Draw a smooth curve through F, 1 ",2",3 " and A to get one half of the parabola. 

The other portion of the parabola is obtained by making the same construction in the other portion 
of the rectangle. 

2.25 Draw a parabola of base 90mm and axis 40mm using tangent method 




PARABOLA BY TANGENT METHOD 
Fig. 2.25 

1 ) Draw the base CD, 90mm long. 

2) Mark its mid-point B and draw the axis BA 40mm long perpendicular to CD. 

3) Produce B A to E such that AE = AB . 

4) Draw lines j oining E with C and D. 
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5) Divide EC and ED into the same number of equal parts, say 6 . 

6) Number the division points as shown in fig. 

7) Draw lines joining 1 and 1 , 2 and 2, 3 and 3 etc. 

8) Starting from C, draw a curve tangential to the lines 5-5, 4-4 etc. 

9) The resulting curve is the required parabola. 

2.26 HYPERBOLA 

Hyperbola is defined as a plane curve which is the locus of a points moving in such a way that the 
difference between its distances from two fixed points called foci, is a constant. 

Draw a rectangular hyperbola passing through a point A situated at a distance of 50mm 
from OX and 35mm from O Y, OX and O Y being the asymptotes 
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Fig. 2.26 

Draw OX and OY, the asymptotes. Mark the position of the given point A. Through A, draw lines 
PQ and RS parallel to OX and OY respectively. 

Mark any point on RS, such as 1 . Draw a line joining and 1 and produce it to meet PQ at 1 . 

Through point 1', draw a line parallel to OX and through point 1 ' draw a line parallel to D Y'. 
Let these two lines meet at Al , a point on the required curve. 

Obtain points A 1 , A3 etc in the same manor. 

Line 0-5 meets PQ at 5'. Parallel to the asymptotes drawn through points 5 and 5 'intersect at A5 
which is also a point on the curve. 

Draw a smooth curve through the points A 5 , A, A 2 A^ A 3 etc. to obtain the required rectangular 
hyperbola. 
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3. ORTHOGRAPHIC PROJECTION 

When the object is viewed orthograpically, i.e. at right angle to the place projetion, the 
reprentation of the image is called orthographic projection. The Orthographic projection shows 
the true shape of all parts of an object together with their sizes. In orthographic Projection, 
Front view, Top view and side view of an object are drawn. 




TOP VIEW 



The Front view or front elevation of an object is obtained on the vertical plane. The Top view 
or plan of an object is obtained on the horizontal plane. The side view of an object is obtained on 
the profile plane. 

The Front view gives the height and length of an object. The top view gives the length and 
width of an object. The side view gives the height and width of an object. 



FOUR QUADRANTS AND SYSTEMS OF PROJECTION 

In order to describe the shape and size of the object, it should be proj ected on two principal 
planes called vertical plane - VP and Horizontal Plane - HP. These planes intersect at right 
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angles to each other and it these principal planes of projection are extended beyond the line of 
intersection they form four quadrants. Those quadrants are numbered as First Quadrant, second 
quadrant, third quadrant and fourth quadrant. 




The object may be situated in any one of the quadrants and the position of the object is as 
follows: 

1 . in first quadrant - above HP and V.P. 

2. in second quadrant - above HP and V.P. 

3 . in third quadrant - below HP and VP 

4. in fourth quadrant - below HP and VP. 

After drawing the plan and front elevation, HP is rotated in the clockwise direction and 
bring it in plane with the VP. In doing so, plan and elevation can be clearly visualized only in the 
First and Third quadrants. Where as in Second and Fourth quadrants plan and elevation over lop. 
Hence, in Engineering Drawing only First or Third angle projections methods are used. 

FIRST ANGLE PROJECTION 

In thefirst angle Projection method the object is placed above the H.P. and in front of the 
V.P, i.e. in the first quadrant. In this method the object lies between the observer and the plane of 
projection. 

THIRD ANGLE PROJECTION 

In the third angle Projection method the object is placed below the HP and behind VP i.e. in 
the third quadrant. In this method of projection, the plane of projection (VP) is in between the 
object and the observer 
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METHOD OF DRAWING THIRD ANGLE PROJECTION 

(i) Draw a line XY. The plane above the line is HP and the plane below the line is VP. 

(ii) Draw a rectangle equal to the total length and height of the object. Then mark the visible 
horizontal and veritcal lines with in the rectangle. Darken the front view of the object as 
shown in the figure. 

(iii) The Top view is projected in HP. Draw a rectangle equal to the length and width of the 
object with the extention lines from the front view, that denote the length of the visible 
parts. Only the width to be marked vertically in the Top view. 

(iv) The side view is drawn eighter on right or left side of the Front view. 

(v) The height and width of the object are projected in the side view. 

Projection lines should be drawn equal to the width of the object from top view and equal to 
the height of the object from Front view. 
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Example 1 

Draw the Elevation looking from the direction of arrow F V, plan and Right side view, left 
side view for the pictorical view show in figure. 
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Example 2 

Draw the Elevation looking from the direction of arrow FV, plan and Right side view, left 
side view for the pictorical view show in figure. 
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Example 3 

Draw the Elevation looking from the direction of arrow FY, plan and Right side view, left 
side view for the pictorical view show in figure. 
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Example 4 

Draw the Elevation looking from the direction of arrow FV, plan and Right side view, left 
side view for the pictorical view show in figure. 




50 











20 












1 

o. 

£ -l 1 

1 






o 

u"i 


. 




















... 50 J 








20 


60 




70 






ELEVATION 




RIGHT SIDE VIEW 










_____ 


■ 





















Example 5 

Draw the Elevation looking from the direction of arrow 
FV, plan and Right side view, left side view for the pictorical 
view show in figure. 
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Example 6 

Draw the Elevation looking from the direction of 
arrow FV, plan and. Right side view, left side view for the "" 
pictorical view show in figure. 
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Example 7 

Draw the Elevation looking from the direct: 
arrow FY, plan and Right side view, left side vie 
the pictorical view show in figure. 
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Example 8 

Draw the Elevation looking from the direction of arrow FV, plan and Right side view, left 
side view for the pictorical view show in figure. 
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Example 9 

Draw the Elevation looking from the direction of arrow FV, plan and Right side view, left 
side view for the pictorical view show in figure. 



^XS> 





ft 

I t 






>■ 














\ 






■1 




■ 23 


> 




30 

— * ■*— 


25 



RIGHT SIDE VIEW 



FRONT VIEW 





1 f 

1 1 


in 




.' ' 


r i 
i 




/ 








tt 





TOPWEW 



Isometric drawing 

In an isometric drawing the three mutually perpendicular edges of a cube are at an angle of 
120° with each other. Instead of drawing the edges in the above said way, first we can also start 
from point "al. At this point also three mutually perpendicular edges met while two of these 
edges make 30° to horizontal, the other edge is vertical. After drawing two 30° lines and one 
vertical line, parallel lines are drawn to complete cube. 




These three lines which represent the mutually perpendicular edges are isometric axes. 
Generally those axes are kept in four positions. 
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So to draw the isometric drawing, first draw the mutually perpendicular edges, set other 
linear dimensions and complete in figure. 




STEPPED BLOCK 



HOLLOW BLOCK 



Isometric and non-isometric lines 

Fig shows the isometric view of a shaped block. Here all lines except AB, BC and DE are 
parallel to isometric axis. Such lines which are parallel to. Isometric axes are called isometric 
lines whereas such lines AB, BC and DE which are not parallel to isometric axes are called 
non-isometric lines. 
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The length of non-isometric lines will not follow the scale used for isometric lines. To 
prove this point consider the non-isometric lines AB or BC. The true length of both AB and BC 
is 5 cm while BC will be longer. Because of this reason non-isometric lines are drawn first by 
locating their starting and end points on isometriciines. 

To locate the end points and to draw the non-isometric lines two methods are employed. 
They are 

Box method 

Off-set method 

Box method 

The object is assumed to be inside a rectangular box. Starting and end points are located 
and marked. By joining the points isometric view is drawn. 

Off-set method 

This method is most suited for the objects consisting of number of planes at a number of 
different angles. 

These methods are not only useful for isometric views involving non - isometric lines but 
also for the isometric views involving isometric lines. 

Box method of drawing a pyramid 

Example 

Draw an isometric view for the triangular pyramid shown in fig using a box method. 




Construct a rectangular box to the overall size of the pyramid 

Mark the distances ad and be from the plan of Fig in the base of the box. 

Mark the distance Kg and dh on the top face of box 

Join the points ab, ca, bg and eg and complete the isometric view of the pyramid in box 
method 
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Angles in isometric drawing 

The angles of inclined surfaces will not have the value in the isometric drawing, but will be 
more in some cases and less in other cases. 

For example, in the isometric view of prism shown in Fig the true value of all the angles is 
90°. But in isometric drawing the angles are 60° in some cases and 120° in others. 




Isometric circles: The term isometric circle refers to the shape of circle in isometric view. 
An isometric circle will be elliptical in shape as shown in Fig. While drawing 

Isometric view of cylindrical features isometric circles will have to be used. 




ISOMETRIC CIRCLE 




An isometric circle can be drawn either be plotting offset method or by are method. 

Plotting method 

Draw a square of side equal to the dia of circle and inscribe the circle. 

Divide the circle into any number of equal parts and mark points such as 1,2,3,4,5,6,7,8 
on the circle. 
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Through the points 1 ,2,3 etc draw lines parallel to the both the axis of cylinder. 

Draw isometric view of the square. 

Mark points corresponding to 1 ,2,3 8 with isometric view of the square as points 1 , 2,3 

8 

Join these points with a smooth curve to for an ellipse. 

Note: The orientation of the isometric circle with depend upon the plane on which the 
circular feature exists. 





Isometric drawing 

Draw the isometric figures. Follow the procedure given wherever necessary. 

Procedure 

Exercise 

Draw the isometric drawing of a rectangular prism of base 30 mm x 15 mm and the 
height 50 mm. 




Draw the three isometric axes through point 'A'. 

Mark AB = 15 mm, AD = 30 mm and AH = 50 mm representing the three sides of prism. 

Draw two vertical lines parallel to the line AH through points B and D. 

Similarly draw two more lines parallel to AB and AD through point H. 
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Mark G and E the intersecting points. 

Draw lines parallel to GH and HE through points G and E intersecting point is F. 
Draw lines parallel to AB & AD through points D and B respectively intersecting at C. 
Join CB & CD with dash lines. 
Join F and C also with dash lines. 
Rub off the construction lines and complete the prism. 
Exercise 

Draw the isometric view of the stepped block given in Fig. 

• Draw the isometric view of a rectangular prism of dimensions equal to the overall size of 
the block 45 x 25 x 30 mm. 

• Draw the lines JD, DE, EF, FH, HI and U using the measurements given in the figure. 

• Rub off SR, RD, S J, SH and RF 

• Darken the remaining lines of the stepped block. 




Exercise 

Draw the isometric view of the components shown. 

• Draw the stepped block as per dimension. Follow the procedure given in the previous. 

• Mark points UTS V as per dimension on the top of the surface EDGF. 

• Join points UTS V. 

• Project vetically downwards from the points UTSV and obtain the point WXYZ at bottom 
surface such that U W, TX, S Y & VZ areequal to 1 mm. Join the point WXYZ and draw the 
thick lines which are all visible and dotted lines which are not visible. 
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Note: All construction lines should be in thin lines. After completion of the isometric views, in 
each case erase the unwanted lines and construction lines. 

With the experiences gained in previous exercises, of drawing isometric views. 
Exercise 



Exercise 



SQ. 25-30 DELP 
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Draw the isometric view of the machined block having non isometric lines. 



(a) 




(b) 




Draw an isometric box. 

Mark point A on PS at a distance of 1 5 mm from P. 
Draw line AB = 25 mm parallel to PQ. 
From B, draw a vertical line cutting RS at L. 
Mark point D on US such that UD = 20 mm. 
Draw a line DC parallel to UT equal to AB, 

Join AD, BC and CL to complete the required isometric view of the block. 
Remove the extra lines and darken the required visible edges. 
Show hidden edges by dashed lines. 
Exercise 

Draw the isometric view of the 'V block. 

Draw the isometric view of a rectangular box of size 50 x 40 x 30. 

On the face ABFE, draw the lines JN & LN by offset method. 

Similarly draw lines KP & MP. 

Join ML, KJ and PN. 

Erase construction lines and make the remaining line thick and dashes according to the 

.drawing. 
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Exercise 

Draw the isometric view of a cylinder of base 5dmm"and height/length of 70 mm with its 
base resting on horizontal surface by offset method and four centre arc method. 




Off-set method 

• Draw the shape of the cylinder looking from front and top. 

• Draw the isometric view of a square of side equals to the dia of cylinder. 

• Draw the isometric view of a square prism of height 70 mm on the square drawn. 

• The mid-points of the sides of the square given four points ABCD and four more points 
HUG by intersection of the diagonals with circles (located by off-set method) join the points 
to form isometric circle. 
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Draw the isometric circles for the bottom and top face of the cylinder inside the square 
prism using offset method. 

Draw common tangents to top and bottom of isometric circles. 

Complete the view by drawing visible lines thick and invisible lines thin. 




Exercise 

Draw the isometric view of a cone whose basediameter 40 mm and height 60 mm when its 
base rest on horizontal plain surface. 




X VP 
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• Draw the front view and plan of the cone in the true scale as shown in the Fig. 

• Draw the isometric view of the base circle, (by four centre method) 

• Mark the centre and draw a vertical line 0.0, such that 0.0, equals to 60 mm in isometric 
scale. 

• From ' ' draw tangents to the isometric circle of the base and complete the required isometric 
view of the cone. 

Exercise 

Draw the isometric view of the hexagonal prism of 2.5 cm side of base and 60 mm height. 
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Draw a hexagon of side 25 mm of its edge is horizontal. 

Draw a rectangular prism of side 25 mm and height 60 mm 

Draw the isometric view of the hexagonal base alblcldlelfl of the prism using offset 
method. 

Draw the top hexagonal face by drawing projection from the corners of the base. 

Make the visible edges by drawing thick lines and draw the invisible edges in hidden line. 

Rub off the unwanted lines and complete the isometric projection. 
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DRAW THE PLAN, ELEVATION AND SIDE VIEW OF THE ENGINEERING 
MODELS 
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4. A.C / D.C. MOTOR STARTER 



A.C MOTOR STARTER 

4.1 Direct on line starter D.O.L Starter 



Over Load 
Relay (OLR) 



Holding coil Volt 




(OFF) Push 
Bottom 



DOL 

Delta Connected 3 PW. 

Induction Motor 



136 



4.2. A.C 3 Phose Star Delta Starter 



Run 




STAR - DELTA 

Starter for 

3 ph. Induction Motor 
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4.3 Phase Auto transformer starter 



Star Connected 3 ph motor 




NVC(No 
volt coil) 



OFF-Button 



138 



4.4 Slip sing and Rotor resistance starter 



OFF 




O.L.C 



STARTING RESISTANCE 



^> 




STATOR 

WINDING 




Ch\ ROTOR 
0\ WINDING 

Ml 



SLfPRING- 
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D.C. MOTOR STARTER 



4.S. Three point starter 



-Storting Resistance 




Soft Iron .. Y _ 
Keeper KVR 




OFF 



Handle 
Brass Strip 




' mrniMM i n ~r*1 A ™T-n'?- 




D.C Supply 



DPIC 
Main Switch 



Fuses 



OLR - Over Load Release 
NVR - No Volt Release 



THREE POINT STARTER 
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4.6 Four Point Starter 




D.C Supply 



DPfC 
Main Switch 



Protect! 
Resists 



Fuses 



OLR - Over Load Release 
NVR - No Volt Release 

FOUR POINT STARTER 
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5. ELECTRICAL SYMBOLS 



S.No. 



ELECTRIAL TERMS 



ELECTRIAL (ISI) ; 
SYMBOLS. 



DIRECT CURRETN (D.C.) 



ALTERNATING CURRENT (A.C.) 



0, 



POSITIVE 



NEGATIVE 



D.C. AND A.C. CURRENT 



O^ 



SINGLE PHASE 



1 <^0 OR |0 



7. 



THREE PHASE 



3ruoR 30 



8. 



NETURAL LPNK 



—tO Q\ — OR 



9. 



PHASE REWIRABLE FUSE 



10. 



EARTH 



11. 



LAMP 



~^P~ OR _JL- 



12. 



LAMP fN SERIES 



-JUUL. 



13. 



LAMP FN PARALLEL 



t° h h £ 



14. 



ONE WAY SWITCH 



ORtf* 



15. 



TWO WAY SWITCH 



-^tf OR ^r* 



16. 



PUSH BUTTEN SWITCH 



— o o— 



17. 



PENDENT SWITCH 



o*f> 



18. 



INTERMEDIATE SWITCH 



H or >c 



19. 



DOUBEL POLE SWITCH 



Of c 



20. 



TRIPLE POLE SWITCH 
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S.No 
21. 



ELECTRIAL TERMS 

DOUBLE POLE IRON CLAD SWITCH 
WITH FUSES 



ELECTRIAL (ISI) 
SYMBOLS. 



LOAD 




IN COWING 



22. 



TRIPLE POLE IRON CLAD SWITCH 
WITH FUSES 



LOAD 




23. 



TRIPLE POLE IRON CLAD SWITCH WITH 
CHANGE ITS DIRECTION OF ROTATION 



O: 



el frpRv 



R EVERSE 1 [FORWAR D 
-IX 




24. 



OIL IMMERSED SINGLE POLE SWITCH 



25. 



OIL IMMERSED DOUBLE POLE SWITCH 






26. 



SOCKET OUT LET 5 AMPS 



27. 



SOCKER OUT LET 15 AMPS 



7^ 



28. 



SOCKET OUT LET 5 AMPS WITH SWITCH 



29. 



SOCKETOUrLET15AMPSWITH SWITCH 



30. 



TWO PIN WALL SOCKET 
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S.No. 




ELECTRIAL (ISI) 
SYMBOLS, 


31. 


THREE PIN WALL SOCKET 


® 


32. 


TWO PLATE CEILPNG ROSE 




33. 


THREE PLATE CEILING ROSE 


© 


34. 


LAMP OUT LET 


V 


35. 


SFNGLELAMP 


$ 


36. 


EMERGENCY LAMP 


! 


37. 


BULK HEAD FITTPNG 


@ 


38. 


WATER TIGHT LIGHT FITTING 


; OwT 


39. 


B ATTERN LAMP HOLDER 


Ob 


40. 


PENDENT LIGHT SPNGLE 





41. 


PENDENT ROD 


Or 


42. 


FLOURS CENT LAMP 


1. . _! 


1 1 


43. 


CHOKE COIL 


-OfYO"*- 


44 


CF.TT.TNOFAN 


oo 


45. 


BRACKET FAN 


"T5 


46. 


EXHAUST FAN 


© 


47. 


FAN REGULATOR 


H <**$$» 


48. 


BELL 


J=L 


49. 


BUZZER 


J"L 


50. 


FIRETNDICATOR 


® 
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S.No. 



ELECTRIAL TERMS 



ELECTRIAL (ESI) 

SYMBOLS. 



51. 



CONVECTION HEATER 



52. 



HEATER 



53. STORAGE TYPE ELECTRICAL WATER 
HEATER 






54. 



TUBULAR HEATER 



(St 



55. 



ELECTRIC HEATER UNIT 






56. 



IMMERSION HEATER 



a 



57. 



THERMOSTAT 



58. 



IMMERSION HEATER THERMOSTAT 



(9a 



59. 



SIREN 



60. 



HORN OR HOOTER 



Dd 



61. 



MIRCO PHONE 



72T 



62. 



LOUD SPEAKER 



#3 



63. 



AMPLIFIER 



64. 



CONTROL BOARD 



oooo 



65. 



RECEIVER POINT 



SiSL 



66. 



AERIAL 



Y 



67. 



SYNCHRONOUS CLOCK OUTLET 
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S.No. i 



ELECTRIAL TEEMS 



68. i MASTER CLOCK 



ELECTRUL (ISI) 
SYMBOLS, 



^ 



69. 



BELL CONNECTED TO FIRE ALARAM 
SWITCH 



r 



70. 



71. 



CELL 



BATTERY 



* — J H f'i I — 



72. 



FLXED RESISTANCE 



73. 



VARIABLE RESISTANCE 



■^v/v/V^ 



'> 



74. 

75. 



76. 

77. 



COIL (INDUCTIVE COIL) 



VARIABLE INDUCTIVE COIL 



FIXED CONDENSER 



3 VARIABLE CONDENSER 



j-rrw^GR -rry- 



— ! 









78. 



SERIES IMPEDENCE 



79. 



80. 



ELECTRO STATIS SCREENING 



MAGNETIC SCREENING 



o 



81. 



AMPERE METER OR AMMETER 
a) AC. (ALTERNATIVE CURRENT) 



b) DIRECT CURRENT 



c) A.C. / DIRECT CURRENT 



T\ 



® 



0) 



82. 



VOLE METER 

a) A.C. (ALTERNATIVE CURRENT) 



b) DIRECT CURRENT 



c) A.C. / DIRECT CURRENT 



146 



S.No, 



ELECTRIAL TERMS 



ELECTRIAL (ISI) 
SYMBOLS, 



83. 



WATTMETER 






84. 



OHM METER 



85. 



MULTIMETER 



ftJ^*r)> 



86. 



PHASE INDICATOR METER 



© 



87. 



POWER FACTOR METER 




88. FREQUENCY METER 



© 



89. GALVANOMETER 




90. 



THERMOMETER OR PYROMETER 



© 



91. 



TACHOMETER 



© 



92. 



SYNCHROSCOPE 




93. 



SINGLE PHASE ENERGY METER 



J£_ 



130^ OR p/g^pt— ^ 



94. 



POWER FACTOR METER 



© 



95. 



ENERGY METER 



96. 



WrNDPNG 



-/TOTT^ 



97. 



SERIES WINDING 



_ nrinp— 



98. 



SHUNT WINDING 



-ormrv 



99. 



BRUSH ON SLIP RING 



>- 
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S,No 



ELECTRIAL TERMS 



EUECTR1AL (ISI) 
SYMBOLS, 



100. 



, BRUSH ON COMMUTATOR 






101. 



102. 



GENERATOR 



© 



Ibju, 4Ui„n»iim« |iiqi i 



MOTOR 



© 



103. 



104. 



MOTOR GENERATOR SET MECHANI- 
CALLY COUPLED 



HJ b i'I Uh lilii h lli TO i ^ *i |lfrl u WpHl^ *W l "*H i'ii|I WW 



©=t=® 



D.C. GENERATOR 



105. 



D.C. MOTOR 



106. 



D.C. SERIES GENERATOR (OR MOTOR) 



-(§yrm& 



SERIES 



107. 



D.C. SHUNT GENERATOR (OR MOTOR) 



TX 

SHUNTS (U) 



108. 



D.C. COMPOUND GENERATOR OR 
MOTOR 



SHUNT 



SERIES 



109. 



A.C. GENERATOR 



110. 



A.C. MOTOR 



111. 



SPNGLE PHASE ALTERNATOR 



& 



112. 



THREE PHASE ALTERNATOR 



113. 



STAR CONNECTION 
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S.No, 



SLECTRIAL TERMS 



ELECTRIAL (ISI) 
SYMBOLS. 



114. 



DELTA CONNECTION 




«**B 



115. 



SINGLE PHASE MOTOR 



n> 



116. THREE PHASE SQUIRREL CAGE 
INDUCTION MOTOR 



117. ] THREE PHASE SLIP RING 
INDUCTION MOTOR 




118. 



ROTARY CONVERTOR 



«C 



119. 



TRANSFORMER 



HIT 



LT 



OR 



120. 



TRANSFORMER WITH THREE WINDING 



uuuJLuuJ 



pn*j * 




121. THREE PHASE TRANSFORMER STAR 
WINDING 66000 / 1 1000V, 400 KVA 50H. 



WQ00V 

4000KVA 

11OO0V 



122 



AUTO TRANSFORMER 



Pd 




OR 



5*e 



d 



123. 



POTENTIAL TRANSFORMER 



pnnn 



124. 



CURRENT TRANSFORMER 



m 



125. 



SURGE DIVERTER 



t 
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■ S.Ng 



ELECTRIAL TERMS 



EIECTRIAL (ISI) 
SYMBOLS, 



126. 



EARTH PLATE 



C 



l 



? 



127. 



LIGHTINGARRESTER 



OR-rtTT^H 



128. I CIRCUIT BREAKER 



-CZ3- 



129. 



ISOLATOR 



130. 



OVER HEAD LINE 



131. 



UNDER HE AD LINE 



132. 



TERMINAL 



o 



133. 



STRAIGHT THRUGH CABLE JOINT 



134. 



CROSSED WIRE 



135. 



SIX CONDUCTORS IN THE SAME WAY 



V 1 



6 



136. 



137. 



MOVING COIL INSTRUMENT 



MOVING IRON INSTRUMENT 




C_ZI 



L^> 



*: 



T^Q 



138. 



VIBRATING REED INSTRUMENT 



139. 



D.O.L. STARTER FOR REVERSING 
JvlQIQR_^ „■ 



140. 



STAR - DELTA STARTER 




141, 



AUTO - TRANSFORMER STARTER 






142. 



RHEOSTATIC STARTER 



**4" mi m h*+ 
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UaJMOa 



ELECTR1AL TERMS 



ELECTHIAL (ISI) 
SYMBOLS. 



143. FAULT 



£ 



144. 



RECTIFIER 



±^—l^**,^*4*mlm4 m * i\ m M m\\> # -t * mAl*mm*>F ^ » ■ i m rm ^^tmtimt^^M „ m . , «_ ■ 



145. 



FULL WAVE RECTIFIER 




146. 



AUTO FREQUENCY 




147. 



CONTACTOR NORMALLY OPEN 



148. 



CONTACTOR NORMALLY CLOSED 



149. 



MAIN FUSE BOARD WITHOUT 
SWITCHES "LIGHTING" 



150. 



MAIN FUSE BOARD WITH SWITCHES 
"LIGHTING" 



C5 



151. 



MATN FUSE BOARD WITHOUT 
SWITCHES "POWER" 



152. 



MAIN FUSE BOARD WITH SWITCHES 
"POWER" 



153. 



DISTRIBUTION FUSE BOARD WITHOUT 
SWITCHES "LIGHTING" 



^ 



154. 



DISTRIBUTION FUSE BOARD WITHOUT 
SWITCHES "POWER" 



mm 



155. 



DISTRIBUTION FUSE BOARD WITH 
SWITCHES "LIGHTING" 



777m 



156. 



DISTRIBUTION FUSE BOARD WITH 
gWJtTCHES^QmEB 



ES3 



157. 



MALM SWITCH (LIGHT) 



hL 



158. 



MAIN SWITCH (POWER) 



I 



1 59. CHANGE OVER SWITCH 



Q"" 4 
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QUESTIONS 
Part A 

I. One Mark question 

I. Draw the Electrical Symbols. Each symbol has one mark. 

PartB 

II. 4 mark questions 

1 . Explain Drawing Board. 

2. Explain Drawing sheet. 

3. Explain Drawing layout. 

4. Give a brief note of pencil. 

5. Explain Drawing pins, U Clip and Cell tape. 

6. Explain Eraser 

7. Explain T Square. 

8. Explain Set Square. 

9. Give a brief notes about scale. 

10. Explain Compass. 

1 1 . Explain French Curves. 

12. Explain Template. 

1 3 . Explain Divider. 

14. Explain Protractor. 

1 5 . Give a brief note of out line. 

1 6. Give a brief note of Dotted line. 

1 7. Give a brief note of centre line. 

1 8. Give a brief note of Dimension line. 

1 9. Give a brief note of Extension line. 

20. Give a brief note of section line. 

2 1 . Explain pointer line. 
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22 . Explain short break line . 

23 . Explain Long break 1 ine. 

PartC 
IH. 10 mark questions 

1 . Draw a bisecting line for given straight lime AB length of 80 mm. 

2 . Draw a bisection line for given straight line PQ length of 1 50 mm. 

3 . Draw a perpendicular line to a given straight line AB length of 1 00 mm from a given point O 
with in it AO = 40 mm. 

4. Divide the given straight line AB length of 120 mm into six equal parts. 

5 . Divide the given straight line PQ length of 90 mm into are equal parts. 

6. Draw an arc of 40 mm radius touching the two given straight lines [AB = 80mm, AC = 70 mm] at 
right angles to each other. 

7. Draw an equilateral triangle ABC for given side. Side AB = 50 mm. 

8 . Draw an Isosceles Triangle ABC for given data. AB = 60mm, AC = BC=5 0mm. 

9. Draw a scalene triangle PQR for given data. PQ = 80mm, PR = 50mm QR = 70mm. 

1 0. Draw a Right angled triangle ABC for given data AB = 70mm, A= 90°, B = 50° 

1 1 . Draw an acute angled triangle ABC for given data. AB=60mm, A=55° ; B = 65°. 

12. Draw an obtuse angled triangle PQR for given data. PQ=80 mm, P ~ 1 00°, Q = 50° 

1 3 . Draw a square for given length of one side [Side AB = 50 mm] . 

1 4. Draw a square for given length of one side. [Side AB = 70mm] . 

15. Draw the any ten electrical symbols. 

1 6 . Draw a rectangle of length 70 mm and breadth 3 5 mm. 

1 7. Draw a rectangle of length 85 mm and breadth 40 mm. 

PartD 
IV. 20 Mark questions 

1 . Draw a square inscribed in a circle of radius 30 mm. 

2 . Draw a circle inscribed in a squaer. Length of one side of the square = 50 mm. 

3. Drawapentagon of given side. [Side AB = 25mm]. 
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4. Draw a pentagon of given side. [Side AB = 30 mm] . 

5. Draw a Hexagon of given side. [Side AB = 30 mm]. 

6 . Draw a Hexagon about a given circle. [Radius of the circle = 3 0mm] 

7. Draw a Heptagon for a given side. [Side = 35 mm]. 

8 . Draw an octagon inscribed in a circle, Radius of 40 mm. 

9. Draw an ellipse of major axis 70 mm and minor axis 40 mm in concentric circle method. 

1 . Draw an ellipse of major axis 1 00mm and minor axis 60mm in concentric circle method. 

1 1 . Draw an ellipse of major axis 90 mm and minor axis 50 mm in trammel method. 

1 2 . Draw an ellipse of maj or axis 80mm and minor axis 40 mm in trammel method. 

1 3 . Draw a parabola of base 1 1 mm and axis 80mm in rectangle method. 

1 4. Draw a parabola of base 85 mm and axis 35 mm in tangent method. 

1 5. Draw a rectangular hyperbola passing through apoint P situated at a distance of 60mm and 45mm 
from AB and AC respectively. AB and AC being the asymptotes. 

1 6 . Explain the types of lines of Engineering Drawing? 

1 7. Drawthe front view, Top view and side view of given Engineering models. 

1 8. To drawthe isometric views of given objects their orthographic views. 

19. Draw the D.O.L. starter? 

20 . Draw the Auto transformer starter? 

2 1 . Draw the 3 phase Star - Delta Starter? 

22 . Draw the slip ring rotor resistance starter? 

23 . Draw the 3 point starter. 

24. Draw the 4 point starter. 

25 . Draw any 20 electrical symbols? 
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PREFACE 

This book presents simple, explicit and easy for learning at the begining level for the 
subject on Engineering Wiring Practical considerable emphasis is laid on the 
fundamentals practical wiring, principles and function of various electrical wiring circuits. 

The Government of Tamilnadu is deciding to revamp Vocational Education in Higher 
Secondary Student to make them easy to understand higher studies in engineering faculty. 

The Higher Secondary Vocational Students and the beginers on this subject can easily 
able to understand the Wiring Principles and Concepts. Much care is taken to explain all 
the details with neat diagram and sketches. All the topics of this book is self illustrative. 
The students at the begining level will learn this book with much interest themselves, be- 
cause such care is taken while preparation of this book. 

We, my self and my co-authors are profoundly feel proud and happiness in presenting 
all the need fulfactor in a very simple book form. 

I personally thank all for giving me this best opportunity to bring out a best book for 
benefit of the Vocational Students. All the readers of this book will enrich knowledge on 
Engineering Wiring Practical which makes us feel proud and happy. 



Thiru. K. Govindasamy 

Chairperson 
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1. STUDY OF HAND TOOLS FOR WIRING 

Cutting Plier 

It is made up of forged steel. It is used for cutting, twisting, pulling, holding and gripping small j obs 
in wiring assembly and repairing work. Anon-insulated is also available. Insulated pliers are used for 
work on live lines. 



Pipe Grip Joint Cutter 




Gripping 
surface 



They are specified with their overall dimensions of length in mm. The pliers used for electrical 
work will be of insulated grip. 

Long Nose Plier 




Long nose pliers or ship nose plier with side cutter. Long nose pliers are used for holding small 
objects in places where fingers cannot reach. 

Side cutting plier 




It is used for cutting copper and aluminium wires of smaller diameter (less than 4mm dia). 

1 



Round Nose Plier 




Wire hooks and loops could be made using the round nose pliers. 
Care and Maintenance of pliers 

i. Do not use pliers as hammers. 

ii. Do not use pliers to cut large sized copper or aluminium wires and hard steel wires of any size. 
iii. While using the pliers avoid damage to the insulation of hand grips. 
iv. Lubricate hinged portions. 
Screw Driver 



-Z. 




Screw drivers are used for tightening or loosening screws. The screw drivers tip should snugly fit 
the grooves of the screw to have maximum efficiency and to avoid damage of the screw heads. The 
screw drivers used for electrical works generally have plastic handles and the stem is covered with 
insulating sleeves. 

As the length of the screw driver is proportional to the turning force, for small work choose a 
suitable small sized screw driver and vice versa. 

Electrician's Knife 




It is used for skinning the insulation of cables and cleaning the wire surface. One of the blades 
which is sharp is used for skinning the cable and the rough edged blade is used for cleaning the surface 
of the wires. 

Line tester 




A.' ! ' // 



•=« 



O 



It consists of a glass tube filled with Neon gas and electrodes at the ends. To limit the current 
within 300 micro-amps at the maximum voltage, a high value resistance is connected in series with one 
of the electrodes. It may have tip like probe or screw driver at one end. The presence of supply is 
indicated by the glow of the lamp. When the tip is touched on the live supply and the brass contact in 
the other end of neon tester is touched by hand. 

Ball Pein Hammer 



Ball 




The hammer is made out of special steel and the striking face is tempered. Used for nailing, 
straightening and bending work. The handle is made of hard wood. 

Mallet 



Mm 




D 



It is made out of hard wood or nylon. It is used for driving the firmer chisel and for straightening 
and bending of thin metallic sheets. Also it is used in Motor assembly work. 

Try Square 



r~i 



> 



There are two types ; one is the beveled edge with stock and the other is the flat edge without 
stock. It is used to check whether the object is plane, perpendicular and at right angle. Two straight 
blades set at right angles to each other constitute the Try Square. The steel blade is riveted to the stock. 
The stock is made of cast iron. The stock should be set against the edge of the job. 

Measuring steel tape 




Measuring Steel Tape 



The measuring tape is made of thin steel blade, bearing dimensions on it. It is used for measuring 
the dimension of the wiring installation and general measurements. 

Hacksaw 




V -——J \ w w^MA'V\^A/^A/\M^^v^^/v^^ 



It is made up of sturdy nickel plated steel frame. The frame can be adjusted for 250mm to 300mm 
blades. It should be fixed on the frame with its teeth pointing away from the handle in order to do the 
cutting in forward stroke. It is mainly Wood Saw (or) Tenon Saw. 

Generally the length of a tenon saw will be 250 or 3 00 mm and has 8 to 1 2 teeth per 25.4 mm and 
the blade width is 1 0cm. It is used for cutting thin, wooden accessories like wooden batten, casing 
capping, boards and round blocks. 

Pincers 




It is used for extracting nails from the wood. The size is given by its length, Eg. 1 00mm, 1 5 0mm, 
200mm. 

Hand Drill 



Rotating 

Handle 




Fixed Handle 



Small Handle 

Chuck Shell 

Jaws 



A hand drill machine is used for making holes in thin metal sheets or wooden articles. 
Electric Drill 



GEARED 
KEY CHUCK 




When power is available, a power drilling machine is a more convenient and accurate tool for 
drilling holes on wooden and metal articles. 

Firmer Chisel 




It has a wooden handle and a cast steel blade of 1 50mm length. Its size is measured according to 
the width of the blade. Eg. 6mm, 1 2mm, 1 8mm, 25mm. It is used for chipping, scrapping and grooving 
in wood. 



Wood Rasp File 



■^gtwrnm^ 






&m0> 







It is used for filling wooden articles where finish is not important. Wood rasp files are of half round 
shape. They have sharp coarse single cut teeth. 



Gimlet 



HANDLE 




It is used for boring small holes on wooden articles. It has a wooden handle and a boring screwed 
edge. The size of it depends upon its diameter. Eg. 3mm, 4mm, 5mm, 6mm. 

Poker 




It is a long sharp tool used for making pilot holes on wooden articles to fix screws. 



Spanner - Double Ended 





The size of a spanner is indicated so as to fit on the nuts. They are available in many sizes and 
sharps. 

The sizes indicated in double-ended spanners are: 

10- 11 MM 

12- 13 MM 

14- 15 MM 

16 -17 MM 

18 -19 MM 

20 - 22 MM 

For loosening and tightening of nuts and bolts, spanner sets are used. It is made out of cast steel. 
They are available in many sizes and may have single or double ends. 

Ring Spanner 




The ring spanner is used in place where the space is restricted and where high leverage is required. 

Centre punch 

The size is given by its length and diameter of the body. Eg. 1 00mm x 8mm. The angle of the tip 
of the centre punch is 90 degree. 



< 



D 



It is used for marking and punching pilot holes on metals. It is made of tool steel and the ends are 
hardened and tempered. 



RawlJumper 



£_ 



Tool Holder 



Tool Bit 



No. 8 Rawl Jumper @ 




A rawl plug tool has two parts, namely the tool bit and tool holder. The tool bit is made of tool 
steel and the holder is made of mild steel. It is used for making holes in bricks concrete wall and ceiling. 
Rawl plugs are inserted in them to fix accessories. 

Pipe Jumper 




A pipe jumper is used alongwith a hammer to make through holes in walls during wiring. The 
diameter of the pipe jumper depends upon the diameter of the pipe to be accommodated in the wall, 
and the length depends upon the wall thickness. 

Vice 




Pipe Vice 



Hole the working material in called Vice. Types of vices are Bench vice and Pipe vice. 
Soldering Iron 
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/ 
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Supply 
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Soldering irons are used for soldering the wire terminals and sheet metal jobs. It consist of a 
forged piece of copper joined to an iron rod with a wooden handle. It's design depends upon the place 
of work. It is available from 1 watts to 1 50 watts. 



2. STUDY OF WIRING ACCESSORIES 

Electrical accessories 

An electrical domestic accessory is a basic part used in wiring either for protection and adjustment 
or for the control of the electrical circuits or for a combination of these functions. 

Rating of accessories 

The standard current ratings of the accessories are 6, 16 and 32 amps. The voltage rating is 240 
VAC. 

The electrical accessories used in wiring installation, are classified according to their uses. 

Controlling accessories 

Holding accessories 

Safety accessories 

Outlet accessories 

General accessories. 

Controlling accessories 

The accessories which are used to control the circuits or an electrical point like switch are called 
' controlling accessories' . All the switches are specified in accordance with their function, place of use, 
type of mounting, current capacity and working voltage. For eg. S.P.T (Single Pole Tumbler) flush- 
mounted switch 6 amps 250 volts. 

Types of switches according to their function and place of use: 

1 . Single pole, one-way switch 

2. Single pole, two-way switch 

3. Intermediate switch 

4 . Bell-push or push-button switch 

5 . Pull or ceiling switch 

6. Double pole switch (D.P. Switches) 

7. Double pole, iron clad (D.P.I.C) switch 

8. Three-pole, iron clad (T.P.I.C) switch. 

Of the above, 1 ,2,3,4 and 6 may be either surface mounting type or flush-mounting type. 

Single pole, one-way switch 

This is atwo terminal device, capable of making and breaking a single circuit only. A Knob is 
provided to make or break the circuit. It is used for controlling light or fan or 6 amps socket circuits. 
One-way switch is as shown in Fig. 
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Single pole, two-way switch 

This is a three terminal device capable of making or breaking two connections from a single 
position as shown in Fig. These switches are used in staircase lighting where one lamp is controlled 
from two places. Though four terminals could be seen, two are short circuited and only three terminals 
are available for connection. 





However, both single way and two way switches with their cover look alike as shown in Fig. but 
can be differentiated by looking at the bottom. Single way switches will have two terminal posts 
whereas two-way switches will have four terminal posts. 

Intermediate switch 
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This is a four-terminal device capable of making or breaking two connections from two positions 
as shown in Fig. This switch is used alongwith 2 way switches to control a lamp from three or more 
positions. 
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Bell-push or push-button switch 

This is a two-terminal device having a spring-loaded button. When pushed it 'make' the circuit 
temporarily and attains 'break' position when released. 

Pull or ceiling switch (Pendent switch) 

This switch shown in Fig. is normally a two -terminal device functioning as a one-way switch to 
make or break a circuit. 




This switch is mounted on ceilings. As the user could operate the switch from a distance through 
the insulated cord, this could be used safely for operating water heaters in bathrooms or fan or lights in 
bedrooms. 

Double pole switch (D.P. switch) 

This is a switch with two poles, the two poles being mechanically coupled together. It is operated 
with a knob. It is also provided with a fuse and a neutral link. These switches are used as main 
switches to control main or branch circuits in domestic installation. 

Double pole iron-clad main switch 

This switch shown in Fig. is also referred to as D.P.I.C switch and is mainly used for single phase 
domestic installations, to control the main supply. It controls phase and neutral of the supply simultaneously. 
This switch consists of two fuse-carriers. The one in the phase circuit is wired with the fuse and the 
other in neutral is linked with a brass plate or thick copper wire. These switches should be earthed 
properly to safeguard the user. The current rating of the switch varies from 1 6 amps to 200 amperes. 
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Specification of these switches should have: 

current rating 

voltage rating 

type of enclosure 

(sheet steel or cast iron). 

Triple (three) pole iron-clad main switch 

This is shown in Fig. and is also referred to as TPIC switch and is used in large domestic installation 
and also in 3 -phase power circuits, the switch consists of 3 fuse carriers, one for each phase. Neutral 
connection is also possible as some switches are provided with a neutral link inside the casing. 



COVER 
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CONNECTIONS 




y- EARTHING 
$ TERMINALS 
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These switches need to be earthed through an earth terminal or screw provided in the outer 
casing. 

The current rating of the switch varies from 1 6 to 400 amps. Specification of these switches 
should have 

current rating 

voltage rating 

- type of enclosure (sheet steel or cast iron) 
whether with neutral link or otherwise 

- rewirable type fuse carriers or HRC type fuse carriers. 
HOLDINGACCESSORIES 

Goliath Edison screw -type holders 

The cover of this type of holder is made of porcelain. Such holders are used in studios, headlights, 
floodlights, focusing lights etc. These holders are used for more than 3 00 W lamps. 
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Swivel lamp-holders 

The swivel lamp-holder is designed for wise angle directional lighting which is used for the lighting 
of shop windows, showcases, etc. It consists of a ball and socket joint fitted between a back plate and 
the lamp-holders. It is available in bayonet cap type, small bayonet cap type and Edison screw type. 
All these type of holders are also available for wall fixing patterns or ceiling pattern. 

One type of swivel lamp-holders is shown in Fig. 




Specification of a lamp-holder 

While specifying the lamp-holders, the type of material used for construction, type gripping, type 
of mounting, working current and voltages should also be specified. 

Safety accessories 

A fuse is a safety accessory. It is connected in series with the circuit and protects the electrical 
apparatus and equipment from damage, when excess current flows. 

There are several types of fuses used in the electrical field. But the kit-kat type fuse is commonly 
used in domestic installation. While specifying fuses in general, their type, current capacity and working 
voltage also should be specified. 
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Types of fuses 

Kit-kat type (Rewirable fuse) 
Iron-clad fuse cut out. 
Kit-kat type fuse 

These are the ones mostly used in domestic installations. This fuse consists of a porcelain base 
having two fixed contacts, for connecting the incoming and outgoing cables. The bottom part of the 
fuse is called the base and the top is called the fuse-carrier. The line and load wires are connected in the 
base terminals and the carrier is provided with a fuse, as shown in Fig. The base is fixed but the carrier 
is removable. 





Advantages 

Easy to rewire the fuse . 

Very cheap to replace the fuse wire. 

These kit-kat fuses meant for low rupturing capacity and not suitable for power circuits. They are 
capable of delivering enormous amount of power in case of short circuit. 

Iron-clad fuse cut outs 
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These are kit-kat fuses in an iron cover. The iron cover has facility to be closed and sealed with a 
lead seal. This is used at the incoming side of the power supply and sealed by the supply authorities to 
ensure the line is not loaded beyond a certain prescribed current capacity. 

Outlet accessories 

These accessories are used to take the supply for the portable appliances like table fans, TV, 
electric irons etc. 

Socket outlet current rating 

The standard ratings shall be 6, 16 and 32 and 240 volts. The following types are normally used 
for domestic purposes. They have to be specified according to the mounting type, number of pins, 
current capacity and voltage. 

Two-pin socket 

This socket is rated as 6A, 250V, having only two pins without earth connection. These are 
suitable only for double insulated appliances (having PVC or insulated body). 

Two-pin plug 

Its is used for taking the supply from the socket. It has got two pins of the same size. 

Lamp-holders 

A lamp-holder is used to hold a lamp. Earlier, brass holders were most commonly used but 
nowadays these have been replaced by bakelite holders. These may contain solid or hollow spring 
contract terminals. Four type of lamp-holders are mainly available. 

Bayonet cap lamp-holders 

Screw type holders 

Edison screw type lamp-holders 

Goliath Edison screw type lamp-holders 

According to the Bureau of Indian Standard, 732, Clause 5.8, all incandescent lamps, unless hung 
at a height of 2.5m (8 ft), shall be provided with standard bayonet holders for lamps upto and including 
200 watts. For lamp powers above 200 W and upto 300 watts Edison screw holders are to be used 
and for above 300 watts Goliath screw holders are to be used. 

Bayonet cap lamp-holders 

In this type, the bulb is fitted into the slot, and is held in position by means of two pins in the lamp 
cap. It has solid or hollow spring contact terminals, and the supply mains through the switch are 
connected to these contacts. In B.C. types there are two grooves on the circular construction of all 
types of holders. The groove and the contact terminals are right angle to each other. In this type of 
holders, the lamp is inserted, forced in, turned slightly and then left in position. These holders can be 
classified further as explained below. 
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Pendent lamp-holders 

This holder shown in Fig. is used in places where the lamps are required in a hanging position. 
These holders are made of either brass or bakelite. An exploded view of this holder shows the parts of 
the holder. These holders are used along with ceiling roses for suspending the lamps fonn the ceiling. 
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Batten lamp-holders 

The straight batten holder, shown in Fig. is used on a flat surface on the round block, wooden 
board etc. These holders are made of either brass or bakelite. 

Angle holders 

The angle bottom holder, shown in Fig. is to hold the lamp in a particular angle. These are made 
of either brass or bakelite. These are used for advertising boards, window display, kitchens etc. 





Bracket holders 

This holder shown in Fig. is used with a bracket. These are made of brass and are used to give 
direct light to a particular place. Brass bracket holders need to be earthed as per BIS recommendations. 
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These are fixed on the bracket by the internal threading of the cap. 




Tube light or fluorescent lamp-holders and starter holders 

Generally the fluorescent lamp-holders are of a bi-pin type. Fig. shows a holder for the fluorescent 
lamp, a holder for the starter and a combined holder for the tube and starter. 






Edison screw-type lamp-holders 

In this type, the holder is provided with inner screw threads and the lamp is fitted in it by screwing. 
It has a centre contact which is connected to the live wire and the screwed cap is connected to the 
neutral wire. 



used. 



For lamps with wattage above 200 W and not exceeding 300W, Edison screw-type holders are 



Edison screw lamp holders have spring-loaded central contact to ensure good contact. An Edison 
screw-type holder is shown in Fig. 
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Three-pin socket 

This type of socket is suitable for light and power circuits. These sockets are rated as 6 A, 250 V 
or 1 6 A, 250V and are available as surface-mounting type and flush type. They are shown in Fig. 
These are three terminals marked as Line (L) Neutral(N) and Earth (E). The line terminal is always on 
the right hand side, the neutral terminal on the left hand side and the top is the earth terminal which is 
larger in diameter. In all the cases, the earth wire must be connected to the earth terminal of the socket. 





Three-pin plug 

It is used for taking the supply from the socket. It has three pins. Two are similar in size and the 
third one is bigger and longer which is for earth as shown in Fig. These are also rated as 6A, 250V or 
1 6 A, 250V. These are made of bakelite, PVC materials. 





A socket which is controlled by a switch, is also available. Multi-pin sockets are also available 
which are suitable for 2 pins and 3 pins having 5 holes in one unit. Further multi-pin sockets for 3 pin 
of 6 amps and 1 6 amps are also available having 6 holes in one unit. 

General accessories 

Some accessories are used for general and special purposes such as: 
appliance connectors (or) iron connectors 
adapters 
ceiling roses 

a) two-plate 

b) three-plate 
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connectors 

distribution board 

neutral links. 

Appliance connectors or iron connectors 

These are used as female connectors to supply current to electric kettles, electric iron, hotplate, 
heaters etc. It is made of bakelite or porcelain. The wires are connected with two brass terminals and 
the earth connection is provided with a twin nickel spring. The cable entry has a rubber protection 
type. These are rated as 1 6A, 250V. Some different types of iron connectors are shown in Fig. 





Adaptor 

An adaptor is shown in Fig. They are used for taking supply from a lamp holder for small appliances. 
They are made out of bakelite. They are available in ratings up to 6A, 250V. 



/Cs 





Adaptors with multiple plugs are also available for taking supply to a number of appliances from a 
single point. 

These adaptors should not be used in bathrooms or other damp places. 

Ceiling roses 

Ceiling roses are used to provide tapping points from the wiring for supplying the power to fans, 
pendent-holders, tube lights etc. Normally flexible wires are used for tapping from the ceiling roses. 
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Ceiling roses have two parts, base and cover, both made of bakelite. The cover has a hole in the 
centre for the connecting wires to be taken out. There are threadings on the internal sides so that the 
cover may be fixed or tightened with the base. The base has terminals and holes for fixing on the block 
etc. and for wires to connect with the supply. Two types of ceiling roses are in use: 

a. Two-plate ceiling rose 

This is made of bakelite and it has 2 terminals (phase & neutral) which are separated from each 
other by a bakelite bridge. Each of the terminal plates is provided with a metallic sleeve and a binding 
screw on one side through which the circuit wire from the back via the mounting block enters them. 
The other side of the terminal plate is provided with a washer and screw for tap wire connection. The 
two-plate ceiling rose is used for 6 A, 250 V current capacity. It is not used in circuits whose voltage 
exceeds 250V. 





b. Three-plate ceiling rose 

This type of ceiling rose has 3 terminals which are separated from each other by a bakelite bridge. 
It can be used for two purposes. 

Bunch light control 

To provide tapping for phase wire as shown in Fig. 



"I TAPPED 
f FOR NEXT 
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CEILING ROSE 3-PLATE 



These ceiling roses are available in the rating of 6A, 250V The covered 2 plate and 3 plate ceiling 
roses will look alike but could be identified by seeing the rear side. 

Connectors 

Connectors are used to extend the length of the wire without jointing. They are made of porcelain, 
bakelite or PVC based material. There is a brass sleeve with threading for small screws to tighten the 
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wire in the sleeves as shown in the figure. These are available insingle way, two-way, three-way, six- 
way, 12-way types. These are rated according to the current and voltage capacity - 6A, 250V, 1 6A 
250V, 32A250V, 16A500V, 32A 500V etc. 




Distribution Board 

These are used where the total load is high and is to be divided into a number of circuits. These 
are used where the load is more than 800 W. The number of fuses in the boards is according to the 
number of circuits, and a neutral link is also provided so that the neutral wire can be taken for different 
circuits. All these branch fuses are enclosed in a metal box. These boards are available as two-way, 
three-way, 4,6, 12-way types as shown in Fig. 




Neutral link 

In a three-phase system of wiring installations, the phases are controlled through switches, and the 
neutral is tapped through switches, and the neutral is tapped through a link called neutral link. The 
neutral link consists of a terminal for incoming current and a multi- way outgoing circuit. The metal 
terminals are mounted on high grade vitreous porcelain base. The ratings are 16A, 32 A, 64A, 1 00 A 

neutral link. 
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Conduit pipe 

These are made of think steel material (or) galvanized iron. These are available in different size of 
length in conduit wiring. Wires are taken through them which gives good protection to the wire. It is 
preferred in workshops. Conduit pipes are very essential when the wires are to be taken through the 
wall (or) ceiling. 

Bends 

These are made to change the direction of wiring. This has got internal thread on both sides. In 
same bends, there is inspection cover which is screwed in. 

T.Box 

When two wires are running in one direction another two wires are to be dropped in a direction 
perpendicular to that "T" Box is used. This has also got an inspection cover through which the wires 
are pulled and joints are made. 

Junction Box 

These are used for number of wires to be joined and connected. This also has a cover which can 
be opened. 

Clamps 

These are used to hold the conduit pipes (or) P VC pipe in the wall or ceiling rigidly by means of 
screws. These are different types of clamps, Vi inch, 3 A inch, 1 inch, 1 . 1/2 inches, etc. 

Round Block 

These are fixed on the wall (or) ceiling and serve as a Fixture for a ceiling rose (or) for one switch 
and tube light fitting. 
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3. STUDY OF TYPES OF WIRING 

TYPES OF WIRING 

1 . Cleat wiring (V.I.R wire is in porcelain cleats) 

2. Casing and capping wiring (V.I.R wire in wooden casing) 

3 . C.T.S wiring (CTS wire run over in wooden reaper). 

4 . P VC Pipe wiring (VIR wire in PVC pipe) 
(i) Open wiring (ii) Concealed wiring. 

Types of wires and cables: 

1. Single strand wire } A 

2. Mutli-strand wire } 
A.1 

1 . VIR wire (Vulganised Indian Rubber Insulated cable) 

2. CTS (or) TRS Cable (Tough Rubber sheathed) 

3. PVC Cable 

4. Lead Sheathed Cable 

5. Flexible Cable 

6. Weatherproof cable. 

Copper and Aluminium Cables 

For the same current carrying capacity, Aluminium cables are thicker in cross sectional area than 
the copper cables. 

Using AluiTdnium cables as aluminium has low mechanical strength, less current carrying capacity 
for the same area of cross section, low melting point and its quick in forming oxides on surface than 
copper. 

Advantage of multi-stranded conductors over solid conductors: 

Solid Conductors Stranded Conductors 

1. Rigid 1. Flexible 

2.Less mechanical strength 2. More mechanical strengh 

3 . Available in square, round and 3 . Available in round shape having small 
flat shapes in dia metres. 

4. Used for bus bars 4. Used for cables and wires 
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Electrical circuit Breakers 

Uses of circuit breaker is if any fault in electrical circuit, this circuit breakers disconnect the whole 
supply to the load side. 

Types of Circuit Breakers 

1 . Oil Circuit Breakers (OCB) 

2 . Air Circuit Breakers (ACB). 
Relays 

In any electrical circuit, the earth fault, short circuit (over current) occurs, the relays disconnect the 
supply automatically. 

Types of Relays 

1 . Earth fault (or) earth leakage relay 

2 . Over current (or) over load relay 

There are two types of Electrical Connection in houses: 

1 . Joint Box(or) T System 

2. Looping System. 
Joint Box (or) Loop System 
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In this method, Joint Box and connector are used for electrical connection. Though the transmission 
necessity is smaller, in this type junction box and connector are needed. 
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Looping system 




In this method, phase wire connected to switch, and neutral wire connect directly to ceiling nose. 
So there is no need of Joint Box and Connectors. 

Method of supply 

1 . Distribution Board System 

2. Tree System. 
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From Distribution Board 
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P - Phase 

N - Neutral 

E - Earth 

S - Switch 

F - Fuse 

L - Load 

DB - Distribution Board 
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In this system, the supply is from meter board through the distribution board. From distribution 
board, the branch circuits may be taken out for loads. Each branch circuit has a fuse unit for the 
purpose of separated from other circuit. 

Types of Joints in Electrical Conductors 

In electrical work, different types of joints are used based on the requirement. The service to be 
performed by a joint determines the type to be used. 

Some joints may require to have good electrical conductivity. They need not necessaiy be 
mechanically strong. For eg: the joints made injunction boxes and conduit accessories. 

On the other hand, the joints made in overhead conductors, need to be not only electrically 
conductive but also to be mechanically strong to withstand the tensile stress due to the weight of the 
suspended conductor and wind pressure. 

Some of the commonly used joints are listed below: 

Pit- tail or rat-tail or twisted j oints. 

- Marriedjoint 

Tee Joint 



28 



Britannia straight joint 
Western Union Joint 
Scarfed Joint 

Tap j oint in single stranded conductor. 
Pig-tail/rat-tail/twisted joint 




This joint made in either single or multi-strand conductors is suitable for places where there is no 
mechanical stress on the conductors as found injunction boxes or conduit accessories boxes. However, 
the joint should maintain good electrical conductivity. 

Married Joint 




A married j pint made with stranded conductors is used in places where appreciable electrical 
conductivity is required along with compactness. 

As the mechanical strength is less, this joint could be used at places where the tensile stress is not 
too great. 

Tee Joint 

This joint in the stranded conductors could be used in overhead distribution lines where the electrical 
energy is to be tapped for the service connections. 
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Britannia Joint 

This joint made in a single strand conductor of 4 mm dia. Or more is used in overhead lines where 
considerable tensile strength is required. 

It is also used both for inside and outside wiring. 
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Britannia Tee Joint 




This joint made in single strand conductors of 4mm dia. Or more is used for overhead lines for 
tapping the electrical energy perpendicular to the service lines. 

Western Union Joint 

This joint made in single strand conductors of 4mm dia. Or more is used in overhead lines for 
extending the length of the wire where the joint is subjected to considerable tensile stress. 




Scarfed Joint 

This joint made in single strand conductors is used in large single conductors where good appearance 
and compactness are the main considerations, and where the joint is not subjected to appreciable 
tensile stress as in earth conductors used in indoor wiring. It is preferable to solder this j oint to increase 
the reliability. 

Tap joint in single stranded conductors of diameter 2mm or less. 

By definition, a tap is the connection of the end of one wire to some point along the run of another 
wire. 
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(a} SCARFED JOINT 
(b) SCARFED JOINT 



The following types of taps are commonly used. 

- Plain 

- Aerial 
Knotted 
Cross-Double-Duplex. 

Plain tap joint 




This joint is the most frequently used and is quickly made. Soldering makes the joint more 
dependable. 

Aerial tap joint 




This joint is intended for wires subjected to considerable movement and it is left without soldering 
for this purpose. This joint is suitable for low current circuits only. It is similar to the plain tap except 
that it has a long or easy twist to permit the movement of the tap wire over the main wire. 

Knotted tap joint 

A knotted tap joint is designed to take 
considerable tensile stress. 
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Duplex-cross tap joint 

This joint is used where two wires are to be tapped at the same time. This joint could be made 
quickly. 




Double-cross tap joint 

This joint is used where two wires are to be tapped at the same time. This joint could be made 
quickly. 




Double-cross tap joint 

This joint is simply a combination of two plain taps. 
Diagram and System used in domestic wiring 

The terms used in wiring installation drawings are explained here. 

1 . Lay out diagram 

2. Installation plan 

3. Circuit diagram 

4. Wiring diagram. 
1. Layout diagram 

It is the simplified version of the wiring diagram. Its purpose is to inform the reader quickly and 
exactly what the circuit is designed for with giving any information on the circuit diagram. 

Normally the layout plan is drawn and then the wiring is drawn. After completion of wiring diagram, 
the number of cables to be run in each pipe and the size of PVC Pipe (or) battern are estimated with the 
help of the distance marking in the layout plan. The estimation of cable could be made. 
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Installation plan 

It shows the physical position of accessories in an installation and gives the final appearance of the 
installation. It highlights the type of conduit, accessories, spacing of gutties, clamps, etc. 




Circuit diagram 

The purpose of the circuit diagram is to explain the function of the various accessories in the 
circuit. 
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Wiring diagram 
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The wiring diagram may not have marking. Use of the wiring diagram enables the technician in the 
initial stage of planning. This wiring diagram is of great use of test and rectify faults in the installation 
during maintenance work. 
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4. ONE LAMP CONTROLLED BY ONE SWITCH 



Aim 



Control one lamp by one S .P.T. switch and give the power supply. 
Type of Wiring 

P. V.C. Pipe Wiring 
Tools Required 



Sl.No. 


Name 


Quantity 


1. 


Hammer 


1 No 


2. 


Screw Driver 200 mm 


INo 




Cutting Plier 150 mm 


1 No 


4. 


Pocker 200 mm long 


1 No 


5. 


Electrician Knife 


1 No 


6. 


Tester 


1 No 


7. 


Nose Plier 


1 No 


8. 


Measurement Tape 


1 No 


9. 


Hacksaw frame with Blade 


1 No 


10. 


Rawl Jumper and bit No: 8 


1 No 


11. 


Connector screwdriver 1 00 mm 


INo 


12. 


Try square 200 mm 


INo 



Materials required 



Sl.No. 


Name 


Quantity 


1. 


Va inch P. V.C. Pipe 


31engh 


2. 


1/1 8 copper wire 


1 meters 


3. 


S.P.T. Switch 60/240V 


1 


4. 


Lamp 60 watts 


1 


5. 


% inch clamp 


12 


6. 


Ceiling rose 6A/240V 


1 


7. 


Pendent holder 6A/240 V 


1 


8. 


Switch Box 3" x 2" 


1 


9. 


"T" Joint P.V.C. 3 /4 inch 


1 


10. 


Va inch wood screw 


24 


11. 


Rowel Grip 


30 pieces 


12. 


Insulation tape roll 


1 


13. 


Oneway junction box 


1 


14. 


Flexible wire 


1 metre 


15. 


HA wooden screw 


6 
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Layout diagram 
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Connection diagram 
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Procedure 

1 . Study Layout diagram and the cable route, distance location of fitting and other accessories 

2 . Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4. Conform how to frame the PVC Pipe 

5. Fix the PVC pipe by using clamps, junction box and switch box using wood screws. 

6 . Run the cable in the PVC pipe as per the wiring diagram 

7. Connect the terminals of switch and ceiling rose as per the circuit diagram. 

8 . Connect the leads of pendent holder to ceiling rose by using flexible wire. 

9. Fix the lamp in pendent holder 

1 0. Give supply and check the circuit. 



5. TWO LAMPS IN-SERIES CONNECTION 
CONTROLLED BY ONE SWITCH 



Aim 



Control two lamps connected in series by one S.P.T. switch 
Type of Wiring 

P. V.C. Pipe Wiring 
Tools Required 



SI.No. 


Name 


Quantity 


I. 


Hammer 


INo 


2. 


Screw Driver 200 mm 


INo 


3. 


Cutting Plier 1 50 mm 


INo 


4. 


Pocker 200 mm long 


INo 


5. 


Electrician Knife 


INo 


6. 


Tester 


INo 


7. 


Nose Plier 


INo 


8. 


Measurement Tape 


INo 


9. 


Hacksaw frame with Blade 


INo 


10. 


Rawl Jumper and bit No: 8 


INo 


11. 


Connector screw driver 1 00 mm 


INo 


12. 


Try square 200 mm 


INo 



Materials required 



Sl.No. 


Name 


Quantity 


1. 


1/1 8 copper wire 


1 4 meters 


2. 


Flexible wire 


2 meter 


3. 


S .P.T. Switch (one way switch) 


1 


4. 


Ceiling rose 


2 


5. 


Lamp 60 watts clamp 


2 


6. 


Pendent holder 


2 


7. 


Switch Box 3" x 2" 


1 


8. 


Two way Junction Box 


1 


9. 


"T" Joint P.V.C. 3 /4 inch 


1 


10. 


One way Junction Box 


1 


11. 


Rowel Grip 


40 pieces 


12. 


3 /4 inch wooden Screw 


30 


13. 


1 Vi inch wooden screw 


8 


14. 


3 /4 inch clamp 


15 


15. 


PVC Insulation Tape 


1 


16. 


3 A inch P. V.C. Pipe 


3 length 
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Layout Diagram 



4 2m *■ 



1.5 m 



< 2m ► 




"2 m 




Connection Diagram 



N 



/ 




Ceiling rose - 1 



* / © 



Switch 



( 4' x 4 ? - wooden box) 



Lamp 




Ceiling rose - 2 




Lamp 
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Procedure 

1 . Study layout diagram and the cable route, distance location of fitting and other accessories 

2. Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4. Conform how to frame the PVC Pipe 

5. Fix the PVC pipe by using clamps, junction box and switch box using wood screws. 

6. Run the cable in the pre pipe as per the wiring diagram 

7. Connect the terminals of switch and ceiling rose as per the circuit diagram. 

8 . Connect the leads of pendent holder to ceiling rose by using flexible wire. 

9. Fix the lamps in pendent holders 

1 0. Give supply and check the circuit. 
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6. TWO LAMP IN PARALLEL CONNECTION 
CONTROLLED BY ONE SWITCH 



Aim 



Control two lamps connected in parallel by one S.RT. switch 
Type of Wiring 

P.V.C. Pipe Wiring 
Tools Required 



Sl.No. 


Name 


Quantity 


1. 


Hammer 


1 No 


2. 


Screw Driver 200 mm 


1 No 


3. 


Cutting Plier 150 mm 


1 No 


4. 


Pocker 200 mm long 


1 No 


5. 


Electrician Knife 


INo 


6. 


Tester 


1 No 


7. 


Nose Plier 


1 No 


8. 


Measurement Tape 


INo 


9. 


Hacksaw frame with Blade 


1 No 


10. 


Rawl Jumper and bit No: 8 


INo 


11. 


Connector screw driver 100 mm 


1 No 


12. 


Try square 200 mm 


1 No 



Materials required 



Sl.No. 


Name 


Quantity 


1. 


1/18 copper wire 


14 meters 


2. 


Flexible wire 


2 meter 


3. 


S.P.T. Switch (one way switch) 


1 


4. 


Ceiling rose 


2 


5. 


Lamp 60 watts clamp 


2 


6. 


Pendent holder 


2 


7. 


Switch Box 3" x 2" 


1 


8. 


Two way Junction Box 


1 


9. 


"T" Joint P.V.C. % inch 


1 


10. 


One way Junction Box 


1 


11. 


Rowel Grip 


40 pieces 


12. 


2 A inch wooden Screw 


30 


13. 


1 V2 inch wooden screw 


8 


14. 


3 A inch clamp 


15 


IS. 


PVC Insulation Tape 


3 


16. 


3 / 4 inch P.V.C. Pipe 


3 length 
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Layout Diagram 



2m < f < 2m ► 



1.5m 



1 




"2 m 




Connection Diagram (Parallel) 

N 
P 
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Procedure 

1 . Study layout diagram and the cable route, distance location of fitting and other accessories 

2 . Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4 . Conform how to frame the P VC Pipe 

5. Fix the PVC pipe by using clamps, junction box and switch box using wood screws. 

6 . Run the cable in the PVC pipe as per the wiring diagram 

7. Connect the terminals of switch and ceiling rose as per the circuit diagram. 

8 . Connect the leads of pendent holder to ceiling rose by using flexible wire. 

9 . Fix the lamp in pendent holder 

1 . Give supply and check the circuit. 
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7. STAIRCASE WIRING 



Aim 

Control one lamp by two way switch (staircase connection) 
Type of Wiring 

P. V.C. Pipe Wiring 
Tools Required 



Sl.No. 


Name 


Quantity 


1. 


Hammer 


INo 


2. 


Screw Driver 200 mm 


1 No 


3. 


Cutting Plier 1 50 mm 


INo 


4. 


Pocker 200 mm long 


1 No 


5. 


Electrician Knife 


1 No 


6. 


Tester 


INo 


7. 


Nose Plier 


INo 


8. 


Measurement Tape 


1 No 


9. 


Hacksaw frame with Blade 


1 No 


10. 


Rawl Jumper and bit No : 8 


INo 


11. 


Connector screw driver 1 00 mm 


INo 


12. 


Try square 200 mm 


INo 



Materials required 



Sl.No. 


Name 


Quantity 


1. 


1/18 copper wire 


30 meters 


2. 


Va inch PVC Pipe 


2 length 


3. 


2 way switch 6 A, 240 V 


2 


4. 


Ceiling rose 




5. 


60 watts lamp 




6. 


Pendent holder 




7. 


Silk wire 


1/2 meter 


8. 


3x4 switch Box 


2 


9. 


Two way junction box 




10. 


Three way junction box 




11. 


'U Bend 




12. 


PVC Tape 


IRoll 


13. 


Z A inch clamp 


24 


14. 


Va inch wood screw 


48 


15. 


1 Vi inch wood screw 


3 
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Layout Diagram 

( 2m «_ 



1.5 m 



i 2 m ► 




2m 



1.5m 



Connection Diagram (Staircase) 



N' 



P*. 



Two way 
switch 



v 



Ceiling rose 




Two way 
switch 



45 



Procedure 

1 . Study layout diagram and the cable route, distance location of fitting and other accessories 

2 . Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4 . Conform how to frame the P VC Pipe 

5 . Fix the P VC pipe by using clamps, junction box and switch boxes using wood screws . 

6 . Run the cable in the P VC pipe as per the wiring diagram 

7 . Connect the terminals of switches and ceiling rose as per the circuit diagram. 

8 . Connect the leads of pendent holder to ceiling rose by using flexible wire. 

9 . Fix the lamp in pendent holder 

1 . Give supply and check the circuit. 
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8. WIRING TWO LAMP AND THREE PIN SOCKET 

Aim 

Wiring two lamps with switch control and three pin socket with switch control. 
Type of Wiring 

P.V.C. Pipe Wiring 
Tools Required 



Sl.No. 


Name 


Quantity 


1. 


Hammer 


1 No 


2. 


Screw Driver 200 mm 


1 No 


3. 


Cutting Plier 150 mm 


INo 


4. 


Pocker 200 mm long 


INo 


5. 


Electrician Knife 


1 No 


6. 


Tester 


1 No 


7. 


Nose Plier 


1 No 


8. 


Measurement Tape 


INo 


9. 


Hacksaw frame with Blade 


INo 


10. 


Rawl Jumper and bit No : 8 


1 No 


11. 


Connector screwdriver 1 00 mm 


1 No 


12. 


Try square 200 mm 


INo 



Materials required 



Sl.No. 


Name 


Quantity 


1. 


3 Pin Socket 6A, 240 V 


1 


2. 


Flush type switch 


3 


3. 


Lamp 60 W 


2 


4. 


1/18 copper Wire 


20 Meter 


5. 


6x4 switch Box 1 


1 


6. 


Silk wire 


2 Meter 


7. 


Ceiling rose 


2 


8. 


Z A inch Two way junction box 


1 
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9. 


3 /4 Three way junction box 


1 


10. 


Pendent Holder 


1 


11. 


Va inch Wooden Screw 


24 


12. 


1 Vi inch Wooden Screw 


6 


13. 


% inch clamp 


12 


14. 


PVC Tape Roll 


1 


15. 


3 / 4 inch P.V.C. Pipe 


3 length 



Line Diagram 



2m +■ 



1.5m 



■2m 




"2 m 




Connection Diagram 



N*" 



Ceiling rose 




Switch Box 



s, s 2 S, So ^l 







Tis 






Ceiling Rose 



^ Lamp 



V ^ 




Lamp 
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Procedure 

1 . Study layout diagram and the cable route, distance location of fitting and other accessories 

2 . Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4. Conform how to frame the PVC Pipe 

5. Fix the PVC pipe by using clamps, junction box and switch box using wood screws. 

6 . Run the cable in the PVC pipe as per the wiring diagram 

7 . Connect the terminals of switch socket and ceiling rose as per the circuit diagram. 

8 . Connect the leads of pendent holder to ceiling rose by using flexible wire. 

9 . Fix the lamp in pendent holder 

10. Give supply and check the circuit. 
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9. CONNECTION OF ONE LAMP, FAN WITH 
REGULARTOR AND THREE PIN SOCKET 



Aim 



Making connection of one lamp with switch control, fan with regulator and three pins socket 
with switch control. 

Type of Wiring 

P.V.C. Pipe Wiring 
Tools Required 



SI.No. 


Name 


Quantity 


1. 


Hammer 


INo 


2. 


Screw Driver 200 mm 


1 No 




Cutting Plier 1 50 mm 


INo 


4. 


Pocker 200 mm long 


1 No 


5. 


Electrician Knife 


1 No 


6. 


Tester 


INo 


7. 


Nose Plier 


1 No 


8. 


Measurement Tape 


1 No 


9. 


Hacksaw frame with Blade 


1 No 


10. 


Rawl Jumper and bit No: 8 


1 No 


11. 


Connector screw driver 1 00 mm 


1 No 


12. 


Try square 200 mm 


1 No 


13. 


Spanner set 


INo 



Materials required 



Sl.No. 


Name 


Quantity 


1. 


1/18 copper wire 


20 meter 


2. 


Flush type switch (one way) 


3 


3. 


Flexible wire 


2 meter 


4. 


8" x 6" switch box 


1 


5. 


Fan Regulator 


1 


6. 


Three pin socket 6A, 240 V 


1 


7. 


Lamp 60 W 


1 


8. 


Ceiling rose 


2 


9. 


Pendent Holder 6A, 240 V 


1 



50 




3 /4 inch PVC pipe 
3 /4 inch wood screw 
Va inch Clamp 
one way junction box 
1 L /2 inch wooden screw 
PVC insulation tape roll 
Two way junction box 
3 way junction Box 
Ceiling fan 




Layout Diagram 



2m <- 



1.5 m 



1 



Connection Diagram 



2m 




_ 2m 




Ceiling rose Ceiling rose 



Earth ' I 




SI S2 S3 
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Procedure 

1 . Study layout diagram and the cable route, distance location of fitting and other accessories 

2 . Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4. Conform how to frame the PVC Pipe 

5 . Fix the PVC pipe by using clamps, j unction box and switch box using wood screws. 

6 . Run the cable in the PVC pipe as per the wiring diagram 

7. Connect the terminals of switch, regulator, socket and ceiling rose as per the circuit diagram. 

8 . Connect the leads of pendent holder to ceiling rose by using flexible wire and connect the Termi- 
nals of ceiling fan by using fluxible wire. 

9 . Fix the lamp in pendent holder 

1 0. Give supply and check the circuit. 
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10. CONNECTION OF DIM AND 

BRIGHT METHOD USING 

TWO WAY SWITCH 



Aim 



To control two lamps by one two way switch, one lamp glow brightly at one positioni of switch 
and two lamps glow dim at another position of switch. 

Type of Wiring 

P.V.C. Pipe Wiring 
Tools Required 



Sl.No. 


Name 


Quantity 


1. 


Hammer 


INo 


2. 


Screw Driver 200 mm 


1 No 


J. 


Cutting Plier 1 50 mm 


INo 


4. 


Pocker 200 mm long 


1 No 


5. 


Electrician Knife 


INo 


6. 


Tester 


INo 


7. 


Nose Plier 


INo 


8. 


Measurement Tape 


1 No 


9. 


Hacksaw frame with Blade 


1 No 


10. 


Rawl Jumper and bit No: 8 


1 No 


11. 


Connector screw driver 1 00 mm 


1 No 


12. 


Try square 200 mm 


1 No 



Materials required 



Sl.No. 


Name 


Quantity 


1. 


1/18 copper wire 


20 meter 


2- 


PVC Pipe 3/4 inch 


2 length 


3. 


Flexible wire 


2 meter 


4. 


Ceiling rose 


2 


5. 


3/4 inch Clamp 


12 


6. 


Pendent Holder 6A, 240 V 


2 
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7. 


Lamp 60 W 


2 


8. 


Ceiling rose 


2 


9. 


3/4 inch wood screw 


30 


10. 


1 Vz inch woods screw 


6 


11. 


Two way junction box 


1 


12. 


Three way junction box 


1 


13. 


P VC insulation tape roll 


1 


14. 


One way junction box 


1 



Layout Diagram 



-►2m«- 



1.5 m 



1 



\ 2m ► 




_ 2m 
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Procedure 

1 . Study layout diagram and the cable route, distance location of fitting and other accessories 

2 . Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4. Conform how to frame the PVC Pipe 

5 . Fix the PVC pipe by using clamps, junction box and switch box using wood screws. 

6 . Run the cable in the PVC pipe as per the wiring diagram 

7. Connect the terminals of switch and ceiling rose as perthe circuit diagram. 

8. Connect the leads of pendent holder to ceiling rose by using flexible wire. 

9 . Fix the lamp in pendent holder 

1 . Give supply and check the circuit. ■ 



56 



11. CONNECTION OF BRIGHT AND BRIGHT 
METHOD USING TWO WAY SWITCH 



Aim 



To control two lamps by one two way switch one lamp glow at one position of switch other 
other lamp glow at another position of two way switch. 

Types of wiring 

P VC pipe wiring 
Tools Required 



Sl.No. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 



Name 



Hammer 

Screw Driver 200 mm 
Cutting Plier 1 50 mm 
Pocker 200 mm long 
Electrician Knife 
Tester 
Nose Plier 
Measurement Tape 
Hacksaw frame with Blade 
Rawl Jumper and bit No: 8 
Connector screw driver 1 00 mm 
Try square 200 mm 



Quantity 



INo 
1 No 
INo 
INo 
1 No 
1 No 
1 No 
1 No 
1 No 
1 No 
1 No 
INo 



Materials 


required 




SI.No. 


Name 


Quantity 


1. 


1/18 copper wire 


20 meter 


2. 


PVC Pipe 3/4 inch 


2 length 




Flexible wire 


2 meter 


4. 


Ceiling rose 


2 


5. 


3/4 inch Clamp 


12 


6. 


Pendent Holder 6A, 240 V 


2 


7. 


Lamp 60 W 


2 
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8. 


Ceiling rose 


2 


9. 


3/4 inch wood screw 


30 


10. 


1 Vz inch woods screw 


6 


11. 


Two way junction box 


1 


12. 


Three way junction box 


1 


13. 


P VC insulation tape roll 


1 


14. 


One way junction box 


1 



Layout Diagram 



-»2mf 



I 4 



1.5m 



■ 2m 




-2 m 
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Procedure 

1 . Study layout diagram and the cable route, distance location of fitting and other accessories 

2. Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4 . Conform how to frame the P VC Pipe 

5. Fix the PVC pipe by using clamps, junction box and switch box using wood screws. 

6 . Run the cable in the PVC pipe as per the wiring diagram 

7. Connect the terminals of switch and ceiling roses as per the circuit diagram. 

8 . Connect the leads of pendent holders to ceiling roses by using flexible wire. 

9. Fix the lamps in pendent holders. 

1 . Give supply and check the circuit. 
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12. CONNECTION OF FLUORESCENT 
LAMP AND TESTING 



Aim 



Wiring connection of single tube lamp and testing method of stock, starter, tube lamp. 
Tools Required 



S.No. 


Name 


Quantity 


1. 


Connecting Screw driver 




2. 


Electrician Knife 




3. 


Hacksaw frame with blade 




4. 


Cutting player 




5. 


Pocker 




6. 


Tester 




7. 


Screw Driver 





Materials required 



Sl.No. 


Name 


Quantity 


1. 


Tube lamp 


40 Watts 


2. 


Frame (Fixer) 




3. 


Chock 




4. 


Tubelight starter 




5. 


Tube lamp holder 


1 set 


6. 


Single Strand wire 


5 Meter 


7. 


Test lamp with 1 00 watts pulb 




8. 


Test Board 




9. 


PVC InsuationTape roll 




10. 


Wire Sleeve 


1 cm length 


11. 


Condenser 


1 No 


12. 


Starter holder 
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CONNECTION DIAGRAM ( Tublelight Circuit ) 



Starter 
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Supply 230 volts A.C. 
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Procedure 

1 . Fix holders in a frame by screws . 

2 . Fix the starter in a frame. 

3 . Fix the chock with the frame by screws. 

4 . Connect electrical circuit as per the diagram. 

5 . Fix the tubelamp and starter. 

6 . Give the supply and check. 
Test procedure 

1 . Connect chock inseries with test lamp and give the supply. 

2 . Connect the starter in series with test lamp and give the supply. 

3 . Connect ohm meter with the tube lamp terminal and check the continuity of flement. 

Testing method of Choke 

Give the supply as per the above connection diagram (ie. choke is connected inseries with test 
lamp) 

1 . If the test lamp glow with dim. The choke is in good conditions. 

2 . If the test lamp cannot glow the choke is open circuit. 

3 . If the test lamp glow brightly the choke is short circuited. 




Bulb 



Testing method of starter 

Give the supply as per the above diagram (ie. the starter is connected in series with the test 
lamp). 

1 . If the test lamp is glow with flikkering. The starter is in good condition. 

2 . If the test lamp is not glow starter is fault. 




Bulb 



Testing method of tubelight 

Connect ohm meter terminals with the each side of the terminal of tubelight. If ohm meter is shown 
zero position tube lamp is fused. 
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13. CONNECTION OF APPLIANCES TEST BOARD 

Aim 

Learn to prepare an appliances test board. 
Tools Required 



S.No. 


Name i 


Quantity 




1. 


Connecting Screw driver 






2. 


Electrician Knife 1 






3. 


Hacksaw frame with blade 






4. 


Cutting pliyer 






5. 


Pocker 






6. 


Tester ] 






7. 


Screw Driver 






8. 


Hand drilling machine 






9. 


Ball peen Hammer 







Materials required 



Sl.No. 


Name 


Quantity 


1. 


12x18 wooden Board 




2. 


Fuse unit 1 6 amps, 240 volt 




3. 


Indicating lamp 




4. 


Straight pendent holder 




5. 


Oneway switch 


2 


6. 


Multipin socket 




7. 


AmmeterO-6 amps 




8. 


Volt Meter 0-300 volt 




9. 


Lamp 1 00 watts 




10. 


Three pin plug 




11. 


1/1 8 copper wire 


3 meters 


12. 


Three core power card 


5 meters 
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Connection Diagram 



Indicating 




Procedure 

1 . Provide holds in the wooden board as per the above diagram. 

2 . Fix the switches, socket ruse indicator ammeter and volt meter properly. 

3 . Give connection to all the accessories as per the above connection diagram . 

4 . Connect the power card properly. 

5 . Give the supply and check the test board. 
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14. CONNECTION DIAGRAM OF GODOWN WIRING 

Aim 

Practice for godown wiring 



looisKeq 


uirea 




S.No. 


Name 


Quantity 


1. 


Hammer 


1 No 


2. 


Screw Driver 200 mm 


INo 




Cutting Plier 1 50 mm 


INo 


4. 


Pocker 200 mm long 


1 No 


5. 


Electrician Knife 


1 No 


6. 


Tester 


1 No 


7. 


Nose Plier 


INo 


8. 


Measurement Tape 


1 No 


9. 


Hacksaw frame with Blade 


INo 


10. 


Rawl Jumper and bit No : 8 


1 No 


11. 


Connector screw driver 100 mm 


INo 


12. 


Try square 200 mm 


1 No 



Materials 


required 




Sl.No. 


Name 


Quantity 


1. 


3 A inch PVC pipe 


31engh 


2. 


1/8 copper wire 


30 meter 


3. 


One way switch 


2 


4. 


Two way Switch 


2 


5. 


Pendent Holder 


3 


6. 


lamp 100 watts 




7. 


% inch wood screw 


1 Box 


8. 


Va inch 'T' joint 


4 


9. 


Ceiling box 


3 
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10. 


Switch box 3x4 


4 


11. 


3 A inch lamp 


30 


12. 


Rowl plug 


1 box 


13. 


1 Vi inch wooden screw 


12 


14. 


PVC insulation tape roll 


1 


15. 


Silk wire 


3 meter 



Layout Diagram 



3 



■2m 




■2m 
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<L> 
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Connection Diagram 



N 
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Procedure 

1 . Study line diagram and the cable route, distance location of fitting and other accessories 

2 . Draw the wiring diagram for the given load as per the line diagram 

3 . List out the materials required for this wiring 

4 . Conform how to frame the P V C Pipe 

5 . Fix the P VC pipe by using clamps, junction box and switch box using wood screws. 

6 . Run the cable in the P VC pipe as per the wiring diagram 

7 . Connect the terminals of switches and ceiling roses as per the circuit diagram. 

8 . Connect the leads of pendent holders to ceiling roses by using flexible wire. 

9 . Fix the lamp in pendent holders . 

1 . Give supply and check the circuit. 
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15. EXTENSION POWER CARD 



Aim 



Learn to prepare an extension power card. 
Tools Required 



S.No. 


Name Quantity 




1. 


Hammer 


INo 


2. 


Screw Driver 200 mm 


INo 


j. 


Cutting Plier 1 50 mm 


1 No 


4. 


Pocker 200 mm long 


1 No 


5. 


Electrician Knife 


INo 


6. 


Tester 


INo 


7. 


Nose Plier 


1 No 


8. 


Measurement Tape 


1 No 


9. 


Hacksaw frame with Blade 


INo 


10. 


Rawl Jumper and bit No: 8 


1 No 


11. 


Connector screw driver 1 00 mm 


INo 


12. 


Try square 200 mm 


INo 


13. 


Hand Drilling machine 


INo 



Materials 


required 




SI.No. 


Name 


Quantity 


1. 


12x10 wooden box 


' 1 


2. 


Fuse unit 1 6 amps, 240 volt 


1 


3. 


5 pin socket 6 amps, 240 volt 


3 


4. 


One way switch 


3 


5. 


Three pin plug 


1 


6. 


Indicating lamp 


1 


7. 


1/1 8 copper wire 


5 meter 


8. 


3 core cable 


5 meter 



70 



Connection diagram {Extension power card) 




Procedure 

1 . Provide holds in the wooden board as per the above diagram. 

2 . Fix the switches, socket, fuse and indicator 

3 . Give connection all the accessories as per the above connection diagram. 

4 . Connect the power card properly. 

5 . Give the supply and check the test board. 
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16. VERIFICATION OF OHM'S LAW 



AIM 

To determine the resistance of two given coils of wire using Ohm's Law. 
Apparatus required 

A battery, plug key, Rheostat, Resistance R ] & R^,, Voltmeter, Ammeter, connecting wires etc. 
Procedure 

1 . Any one of the given tow coils is connected as shown in the circuit diagram. 

2 . After checking the connections, the plug key is closed. 

3 . The rheostat is adjusted for suitable currents and the corresponding voltmeter readings are noted, 
the readings are tabulated. 

4. Now form the formula R, = V/I, the value of the resistance is determined. 

5 . Similarly, the experiment is repeated with second coil R2 and the value of the resistance R2 can be 
determines. 



&K 



(0-^0 



Ba - Battery 

K-Key 

V - Voltmeter 

A -Ammeter 

RjR,- Resistance 

R ]) - Rheastat 



-v 






R\ OY E.SL 



■* 



<& 



Co-ioO 




Rh 
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To Find R, 



SLNo. 


Ammeter Reading 
'I' in ampere 


Volt meter Reading 
in 'V volts 


Resistance 
R^V/IOhms 


1. 
2. 
3. 
4. 
5. 









Mean R, 



To Find R. 



SLNo. 


Ammeter Reading 
'I' in ampere 


Volt meter Reading 
in 'V volts 


Resistance 
Rj = V/l Ohms 


1. 

2. 
3. 
4. 
5. 









RESULT 

The resistance of two coils of wire R } 



ohm 
ohm. 
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AIM 



17. VERIFICATION OF KIRCHOFF'S 
VOLTAGE AND CURRENT LAW 

To verify Kirchoff's voltage and current law. 



Apparatus required 



S.No. 


Description 


Range 


Quantity 


1. 


Regulated power supply 


5V 


1 


2. 


Bread Board 


- 


1 




Resistor 


IK 


3 


4. 


Resistor 


3.3K ' 


1 


5. 


Ammeter 


(0-50)MA 


2 


6. 


Voltmeter 


(0-10)V 


2 


7. 


Connecting wires 


- 


- 



Theory 

a. Current law 

In any electrical network, the algebraie sum of current meeting at a point is zero. 



-vWW 



+5V 




RPS 



3.3.k ohms 
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Circuit Diagram (KCL) 



Tabular Coloum 



S.No. 


RPS 


11 (MA) 


I2(MA) 


11 + 12 (MA) 


1 


0.8 


0.12 


0.12 


0.25 


2. 


1.0 


0.22 


0.22 


0.44 


3. 


1.5 


0.34 


0.34 


0.68 


4. 


2.0 


0.46 


0.46 


0.92 


5. 


2.5 


0.58 


0.58 


11.6 


6. 


3.0 


0.70 


0.70 


1.4 


7. 


3.5 


0.81 


0.81 


1.62 


8. 


4.0 


0.94 


0.94 


1.8 



b. Voltage law 

In any closed circuit the algebraie sums of all the emfs and voltage drops in all the resistance is 
equal to zero. 

Procedure 

make the connections as per the circuit diagram 

switch "ON" the power supply (+5 V) 

measure and recorder I, , I 2 and I 3 reading in the table. 

Verify the Kirchoff's current law as I, = I 2 + 1 3 - 

Repeat the above procedures of 3 and 4 for changing the value of resistor as mentioned in the 
Tabular Column. 

Switch "OFF" the power supply 

Disconnect the components. 



75 



Circuit Diagram (KVL) 




in- 



_ 0-J 



^w 



ilk 



y J(o-iov) 



I'MJiiBW. 



Tabular Colo um 








S.No. 


RPS 


V^olt) 


V 3 (Volt) 


v, + v 2 


1. 




0.5 


0.2 


0.2 


0.4 


2. 




1.0 


0.5 


0.5 


1.0 


3. 




1.5 


0.7 


0.7 


1.4 


4. 




2.0 


0.9 


0.9 


1.8 


5. 




2.5 


1.5 


1.5 


3.0 


6. 




3.0 


1.7 


1.7 


3.4 


7. 




3.5 


1.9 


1.9 


3.8 


8. 


4.0 










Result 












TheKCL&KVLare 


verified and found correct. 
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18. MEASUREMENT OF POWER AND 
POWER FACTOR IN SINGLE PHASE CIRCUIT 



AIM 



To measure the power and power factor of a given single phase circuit. 
Apparatus required 



S.No. 


Name of apparatus 


Range 


Type 


Qty 


1. 


Ammeter 


(0-10) A 


MI 




2. 


Voltmeter 


(0-300)V 


MI 




3. 


Wattmeter 


lOA^OOV 


OPF 




4. 


Single Phase load 


10A,230V 


Resistance Load 




5. 


Connecting wires 


- 


- 


10 



Procedure 

i) Make the connections as per the circuit diagram 

ii) Switch on the supply 

iii) Vary the load in step by step. In each step, note the ammeter, voltameter and wattmeter readings 

Circuit Diagram 



10A,300V 




nr^ 



n 



300V 



l£_ _ 1 ZU r 
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Observation 



S.No 


Voltage (V) 

(Volts) 


Current (I) 
(Amps) 


Power (W) 

(watts) 


W S =V x I 
Watts 


Power factor 

cose = W/V x I 


Error 
W.-W N 

S N 

WN 

















Model Calculation: 






Voltage (V) 


Volts 




Current (I) = 


Amps 




Non standard Watt meter Reading W N = 


Watts 




Standard Watt meter Reasing W g = 


Vxl 


Watts 


Power factor (CO S0 ) 


W/Vxl 





iv) Then release the load and switch off the supply. 



Multiplication factor of Wattmeter 



Current coil rating x voltage coil rating 
Full scale Reading 



Result 

Thus the measure of the power and power factor of a given single phase circuit. 

P = VxI 

Error = W, - W w x 100 

w„ 
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19. CALIBRATION OF SINGLE PHASE ENERGY METER 



AIM 



To calibrate the given single phase energy meter with standard watt meter and a stop watch. 
Apparatus required 



S.No. 


Name of apparatus 


Range 


Type 


Qty 


1. 


Ammeter 


(0-300)V 


MI 




2. 


Voltmeter 


(0-10 A) 


MI 




3. 


Wattmeter 


10A,300V 


Dynamo meter 




4. 


Energy Meter 


10A,250V 


Induction 




5. 


Resistance Load 


10A,250V 


- 





Precaution 

At the time of starting the experiment, the load switch must be kept in open position. 
Procedure 

1 . Give the connection as per the circuit diagram. 

2 . Switch "ON" the supply and note down reading of the meter. 

3 . To adjust the load to rated current and note down the reading of the meters. 

4 . Tabulate the reading and calculate the percentage error. 
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Circuit Diagram 



> 
o 

< 

o 




r 1 


J * 


~Z » 


. ' — 



■ o 
< 



Q- 
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Tabulation 



S.No. 


V 
volts 


I 

amp. 


Wl 
Watts 


Time 
in sec 


Recorded 
energy 


True 
energy 


% Error 
= RE-TExlOO 
TE 


1. 
















2. 
















3. 
















4. 
















5. 

















Model Calculation 

Recorded energy 

True Energy 
Multiplication of Wattmeter 

% Error 
Result 



No. of revolutions 
Meter constant 

WxT 
3600x1000 

Current coil Rating x Voltage Coil rating 
Full Scale reading 

RE-TE 



TE 



; xl00 



Thus the given single phase energy meter 
was calibrated with the ammeter, voltmeter, 
wattmeter and a stop watch and the graph 
was plotted. 

Graph 
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20. STUDY OF EARTHING 

Rod and pipe electrodes 

These electrodes shall be made of metal rod or pipe having a clean surface not covered by paint, 
enamel or other poorly conducting material. 

Rod electrodes of steel or galvanised iron shall be at least 1 6 mm in diameter, and those of copper 
shall be at least 12.5 mm in diameter. 

Pipe electrodes shall not be smaller than 38 mm internal diameter, if made of galvanised iron or 
steel, and 1 00 mm internal diameter if made of cast iron. 

Electrodes shall, as far as practicable, be embedded in earth below the oermanent moisture level 

The length of the rod and pipe electrodes shall not be less than 2.5 m. 

Except where rock is encountered, pipes and rods shall be driven to a depth of atleast 2.5 m. 
Where rock is encountered at a depth of less than 2.5 m, the electrodes may be buried, inclined to the 
vertical. In this case too, the length of the electrodes shall be atleast 2.5 m, and the inclination not more 
than 30° from the vertical. 

Deeply driven pipes and rods are, however, effective where the soil resistivity decreases with 
depth or where a sub-stratum of low resistivity occurs at a depth greater than those to which rods and 
pipes are normally driven. 

Pipes or rods, as far as possible, shall be of one piece. 

For deeply driven rods, j oints between sections shall be made by means of a screwed coupling, which 
should not be of a greater diameter than that of-the rods which it connects together. 

Plate electrodes : 

Plate electrodes, when made of galvanised iron or steel,shall not be less than 6.3 mm in thickness. 
Plate electrodes of copper shall be not less than 3.15 mm in thickness. Plate electrodes shall be of a 
size, at least 60 cm by 60 cm. 

Plate electrodes shall be buried such that the top edge isat a depth not less than 1.5 m from the 
surface of the ground. 

Where the resistance of one plate electrode is higherthanthe required value, two or more plates 
shall be used in parallel. In such a case, the two plates shall be separated from each other by not less 
than 8.0 m. 

Plates shall preferably be set vertically. 



82 



CEMENT 

CONCRETE" 

(1:4:8) 



06,3 mm MS ROD 
30 

10 



Gl COVER HINGED 
TOG! FRAME 



/ / ^10 GL 




SECTION 'XX 



PBPEEARTHING 
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6.30 mm MS ROD 

20 
12.5 



Z 
2, 

□ 



a 
to 










Gl COVER HINGED 
TO Gl FRAME 



GL. 






-* J 1 'ii*1 ,-if < 



I 



012.7 mm Gl PIPE 



60X60cmX6.3mm Gl 

PLATE OR 60X60cmX3.15mm 

COPPER PLATE 





WIRE MESH 

CEMENT CQNCRE7 
(1:4:8) 

FUNNEL 



019mm Gl PIPE 



NOTE> 

DIMENSIONS ARE IN cm 

UNLESS OTHERWISE SPECIFIED. , 






■<4 



CHARCOAL 



LO 



o 



BOLT.NUT.CHECK 
NUT AND WASHER 
TO BE OF COPPER 
FOR COPPER PLATE 
AND Gl FOR Gl PLATE 




012.7mm Gl 
PIPE 
COPPER 
OR Gl WIRE 




ENLARGED DETAIL W 
PLATE EARTHING 
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